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I. INTRODUCTION
k) ’ ‘H-Hie/

This document describes several programs used by MARC in studying and testing
confidence ellipses.. All of these programs were developed on a Hewlett
Packard Series 200 computer, the HP9836, and are written in Hewlett Packard's
BASIC 3.0 programmi language. This a very powerful version of BASIC, and
consequently many of the programming constructs found in these programs are
non-standard.-—Also, the graphics commands are peculiar to this BASIC.

/;hé/;;;;;;;; are called Genellipse, Ellsim, and Ellipstuff. The listir:s and
comments are current as of August 9, 1985. The programs themselves are

/ subject to change without notice.

\9Genellipse is an 2:I;1pse g~ephing and combination™ program. It allows the
user to specify up to twenty confidence ellipses, combine ellipses, graph
ellipses, and test ellipses for combination. It has been used primarily to
explore the geometric properties of the combination method, but has also been
used to create figures for a number of other reports.

Ellsim is a l:%:';;uudence ellipse simulation" program. It has been used to
explore the robustness and properties of the statistical test (which is used
to decide whether or not to combine two ellipses). 1In it, two normal data
distributions are specified, corresponding to two emitters. Confidence
ellipses are generated, tested, and combined, and various descriptive
statistics are compiled. In addition, there is a routine to calculate the
power of the statistical test in certain cases.

Ellipstuff is an Stilipse routine library,;;;hich contains a large number of
routines to make working with ellipses easier. As such, both Genellipse and
Ellsim contain all of these routines, but they are also listed separately. If
more programs need to be written, these are the routines to build them with.

N
Each of these programs is listed below, along with a short description of |
their use. This is a supplement to the report "Testing and Combination of
Confidence Ellipses: A Geometric Analysis,® submitted to JPL by MARC on
August 5, 1985. Refer here any questions concerning confidence ellipses, the
combination method, or the statistical test used.

\\

N\
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II.

GUIDE TO GENELLIPSE: Ellipse Graphing Program

Genellipse stands for General Ellipse graphing, and can 2 ¢> combine ellipses
and test two ellipses for combination. The program makes extensive use of the
Ellipstuff Library Routines.

When Genellipse is executed, the following menu is displayed on the screen:

GENERAL ELLIPSE GRAPHER

(A) -~ Enter Ellipse Mean Poin: (Center)

(B) -~ Enter Ellipse Shape (Covariance Matrix)
(C) -- Enter Ellipse Shape (Axes and Orientation)
(D) —- Combine Two Ellipse (JPL Method)

(E) -- Graph an Ellipse

(F) -- Clear Graphics Screen

(G) =~ Choose Plotter

(H) -- Set Graphics Screen Bounds

(I) -~ Calculate Acceptance Test Statistic (Chi-square)
(J) = Draw Axes

(X) = Exit Program

Enter your choice:

SETEEEREESTOGSES [ 3 07F 2 8 2 1 3 2 3 & P 1 F B 2 & : £ 1 3 1 1 B £ X 3 £ 3 t f 1P ¥ 2 2 J.0F 1 J~2 1 2.3

These options will be dealt with one by one.

(A) ~- Enter Ellipse Mean Point (Center)

Th.ls option prompts the user to enter the center point for one or more
ellipses. The program first asks for the ellipse (1-20), and then for
the mean point. This will repeat until all means have been entered.
When the user is through entering mearis, pressing the return key in
response to the question "Getting mean point for Ellipse #" will return
the user to the menu shown above.

(E) -- Enter Ellipse Shape (Covariance Matrix)

There are two ways of specifyving the shape of a confidence ellipse. The
first is through a covariance matrix. This option will ask for the
ellipse nuaber, and then prompt for the elements of the matriz. It
repeats until all matrices have been entered, just as option A doces.

[ 8]
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(C) ~ Enter Ellipse Shape (Axes and Orientation)

The other way of specifying the shape of a confidence ellipse is
geometrically. This optioa prompts for the ellipse number, just as those
above, and then asks for the axes lengths and orientation in degrees of
the ellipse. It repeais until all ellipses have been entered, just as
option A does.

(D) =- Combine Two Ellipses (JPL Method)

This option combines confidence ellipses using the method described in
"Testing and Combination of Confidence Ellipses: A Geometric Analysis.”
The option prompts for the numbers of the two ellipses to be combined,
and then :or the number of the resultant ellipse. For example, suppose
the user nad entered ellipses t, 2, 3, aid 7 out of 20, and wanted to
combine 2 and 3. The resultant ellipse could be given number 4, 5, 6, or
8 through 20. Further, if either of ellipses 1 or 7 were no longer
needed, the resultant ellipse could be given either of numbers 1 or 7 as
well. This would, of course, erase tha ellipses originally stored in
these slots.

(E) =-- Graph an Ellipse

Tais option prouwpts for the number of the ellipse the user wishes to
graph, and continues asking for ellipses until all desired have been
graphed. The process is similar tu that in option A. The ellipse will
Le graphed on the current graphics device (See option G). Other options
related to graphing are G, H, an” J.

(F) -- Clear Graphics Screen

If the CRT screen is the curren. graphics device, choosing this option
will erase all ellipses currently drawn on {t.

(G) -- Choose Plotter

This options allows the user to select the current graphics device. This
program is currently written to graph on the CRT screen and on an BP7470A
two-pen plotter. Consequently, if selected, the program will ask "Do you
want to (D)raw, (E)rase, Plot with Pen (0), (1), (2)?" Choosing "D" will
cause it to do all graphing on the screen. Chooaing YE" will cause it to
graph on the screen in "black™ -- s0 that an ellipse may be erased
without clearing the whole screen. Choosing (1) or (2} will cause it to
graph on the plotter, using the specified pen. Choosing (0) causes the
plotter to put away the pen that its using, and then sets the CRT screen
to be the graphics device.

(H) -- Set Graphics Screen Bounds

This option is used to scale the graphics screen. Default scaling is ~50
to 50 on the X-axis and -50 to 0 on the Y-axis. When this option is
chosen, it will first present the "limits" of any ellipse: that is, how
far the ellipse extends in the X and Y directions, 30 that a i~easonable
screen size may be chosen. The program prompts for the number of each

3
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ellipse, Jjust as in option A. Press the return key after a8’ ~‘sired
ellipse 1imits have been seen. The program will then ask . . ¢« =ureen
bounds: Minimum X value, Maximum X value, Minimum Y val Maxin ¥
value.

(I) == Calculate Acceptance Test Statistic (Chi-squsre)

This option prompts the user for two ellipse numbers, and then performs
tre statistical test described in "Testing and Combining Confidence
Ellipses: A Geometrical Analysis." The value of the tert statistic is
printed on the screen. If it is less than or equal to the 95% Chi-square
vaiue, 5.991, then the test accepts; otherwise the test rejects.
(Actually, the test may be run at any confidence level desired. However,
the ellipses used in this program are assumed to be 95% confidence
ellipses, and if the test is performed at any other level the geometrical
results shcwn in "Testing and Combining..." concerning the test will not
necessarily holdl ‘rue. ;

(J) - Draw Axes

This option draws a set of axes un the current graphics device, and
labels them according to the current screen bounds (s=2e Options G and H).



III. GUIDE 70 ELLSIM: Ellipse Simulation Program

Ellsim stands for Ellipse Simulator, but can also find analytical estimates
of statistical power. It uses the Ellipstuff Library extensively.

See the report "Testing and Combining Confidence Ellipses: A Geometric
Analysis" for a description of simulation and how it has been aprlied to the
ellipse combination problem. This is the program used to generate the
results in section V of that report. Note that in this program, sensor error
is assumed to follow a bivariate normal distribution about the true location
of the emitter. When location estimates are derived from lines of bearing,
however, this assumption may t : unrealistic.

When the program is run, it will present the user wilth the following menu of
choices:

mms mpe

Ellipse Combination Program Driver

(A) -- Specify True Covariance Matrices
(B) -- Specify True Mean Parameters

(C) -- Specify Observacions

(D) - Call Simulation Generator

(E) -— Call Power Generator

(X) -- Exit Program

Enter your choice:

Options A, P, and C are used to specify the two data distributions.

Option A prompts for the means of two bivariate normal distributions.
Setting the means to be equal is equivalent toc having only one emitter.
Setting them apart is equivalent to having two emitters.

Option B prompts for the covariance matrices for the two bivariate normal
distributions.

Option C prompts for the sample sizes to be used for each distribution. Note
that any confidence ellipses generated will have covariance matrices equal to
those specified in option B, divided by these sample sizes.

Options D and Z call the Simulation Jenerator and the Power Generator
respectively. These will be discussed individually.
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(D)

-- The Simulation Generator

Chonsing this option leads to another menu: th3 sirulaticn menu. It appears
as follows:

Enter the Letter of your choize: -~

(A} Reset the Rardom Number Seed

(B) Simulate using true Covariance Matrices

(C) Simulate using estimated Covariance Matrices
(D) Display Results on the Printer

(X) Exit Program

Enter Your Choice:

These options will be dealt with one by one

(1)

(B)

()

-~ Reset the ..andom Number Seed

This option allows the user to start the random number process with a
given s8¢ |; this is generally not necessiry, but is useful for purposes
of debupzin~g,

~— Simulate us.irg true vavariance Matrices

This option i1l ricompt the user for *he nurder or simulatisns (generuilly
160 or mere), and then proceeds in this mannar: for eacl simvlacion {t
generates the number of observaticns specified by the sample sl!ze entered
earlier. It estimates the emitter locations from these cbservations, and
calculates confidence ellipsvs. It teszts to see if these ellipses may oe
combined. Finally, it checks to see if the :ombined ellipse contains the
true location of the emitter(s). When ail s:mulations are done, it
compiles these results. See "Testing and Coabining Confidence Ellipses"®
for more information.

-- fimulate using estimated Coviriznce Mztiri.ces

The process here is the same as that outlire! for option B, except for
one addition: the covariance mairi.es used .n the confidence ellipses
and statistical test are estimated. However, the formulas for the
ellipses and test assume that the covariance matrices are known, Thus,
this option is used to explorz what happens if estimated matrices are

mi3takenly used. Note that the estimates are made using the "32"

statistic. This is the usual way ~f estimating variance-covariance from
a data set, but {s different from the methods vsed in most if not all of
the position fixing algorithms we have seen.

6
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(D) — Display Results on the Printer

When either option B or cption C has becn compl2ted, the results of the
simulations are shown in the screen. If a nardcopy is desired, selecting
this option will cause the results of the last cimclation run to bde
Jutput on the printer.

(X) == Exit Program

This option will exit the Simulation Generator. &nd return to the
ori:ginal menu.



(E) == The Power Generator

The power of a statistical test is essentially the probability that the test
will reject when it ought to. That is, it is the probability that the
statistical test will say that there are two emitters when in fact there are
two emitters. In the problem at hand, however, the power is not a single
quantity; in fact, there i{s a different power value for each pair of
emitters. If the emitters are 2lose together, the power of the test will be
low; 1if they are far apart, the power wilil be close to 1.

This option works in the following way, for convenience sake. It uses the
covariance matrices and sample sizes specified from the main menu, but allows
the ussr to enter the distance between the two emitters. It calculates the
power, and then asks for another distance. To return to the main menu, enter
0 for the distance. ’



IV. GUDE TO ELLIPSTUFF: Ellipse Routine Library

Ellipstuff is a library of subprograms and functions written to facilitate
confidence 211ipse research for JPL. It covers such things as defining
ellipses, combining ellipses, testing ellipses for combination, and graphing
ellipses.

To use Ellipstuff, simply include it in within a program. Genellipse and
Ellsim are examples of this.

Confidence ellipses and how they are stored

A confidence ellipse is defined by two things: a point estimate, or mean,
and a covariance matrix. Thus, both of these pieces of information must be
stored for each ellipse. In addition, it is often necessary to have the
inverse of the covariance matrix on hand as well. Ellipstuff stores ellipses
in a matrix with 40 slots, allowing the storage of 20 covariance matrices
uwith their inverses. In general most of the Ellipstuff routines deal with
the inverses themseives, but in case it is necessary to use them explicitly,
the ellipses are stored in slots 1 through 20 and the inverse covariances are
stored in slots 21 through 40. By convention, the inverse of the covariance
matrix for the ellipse 1, say, slot 3, is stored in slot 23, and so on.
Examine the routines for m~cre programming information.

Ellipstuff User Routines

The slots specified in the following routines should be between 1 and 20
inclusive.

Get_ell mean(®llipse)
This command prompts the user to input the mean (center point) for
the ellipse in slot Ellipse.
Example: Get ell mean(1)

Get_covariance(Ellipse)
This command prompts the user to input the covarjance matrix for the
ellipse in slot Elllpse.
Example: Ge*_covariance(2)

Get axes(Fllipse)
~ This command prompts the user to input the shape of the ellipse
(lengths of the semi-minor and semi-major axes, and the orientation)
which is then converted to a covariance matrix.
Exemp® * Get_ axes(3)
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Test(Ellipsel, Ellipse2, Work, Test_stat)
This command runs a chi-square test on the ellipses in slots
Ellipsel and Ellipse2 in order to see if they may be combined. The
value of the test-statistic is returned in Test_stat. Work is the
number of any unused slot, to be used for scratch work.
Example: Test(3,4,20,Some_variable)

Combine ellipse(Ellipsel, Ellipse2, Combo)
This comman¢. combines the ellipses and point e¢stimates in slots
Ellipsel and Ellipse2, and stores the combined ellipse in slot
Combo.
Example: Combine ellipse(3,4,5)

Draw_ellipse(Ellipse, Xmin, Xmax, Ymin, Ymax,Prob_constant)
This draws the ellipse in slot Ellipsec on the current plotting
device (see Chnose_plotter). Xmin, Xmax, Ymin, and Ymax specify the
screen Jimensions. The default values are (-50,50,-50,50).
Prob_constant is zerc minus the chi-square cutoff associated with
the confidence level. (The cutoff is P=-2LN(1-Alpha), where Alpha
i{s the confidence level. For some reason, 211 of the programming
was done in terms of -P=2LN(1-Alpha). Thus, for 95% ellipses,
Prob_constant = -5.961).
Example: Draw_ellipse(:,-10,10,-20,20,-5.991)

Disp_extremes(Ellipse)
This command displays the extreme x and y points calculated by
Get_bound for the ellipse in slot Ellipse. 18 §s designed to aia
in choosing the Xmin, Xmax, ¥Ymin, and Ymax va ues required by
Draw_ellipse.
Example: Disp_extremes(1)

Display_cov(Ellipse)
This command displays the covariance matrix of the ellipse in slot
Ellipse on the crt screen (not graphically). It may also be used to
display the ‘nverses in slots 21 through 40.
Example: Display cov(i1)

Choose_plotter
When first initialized, Ellipstuff assumes that all graphing will be
done on the CRT. Choose plotter is called to allow the program user
to select which device to use. Note: this program was written on a
system with two graphics devices-—a CRT screen and an HPT4TOA two
pen plotter. Choose_plotter presents the user with 5 options:
D)raw -- graph on the CRT in the normal fashion (DEFAULT).
E)rase — graph on the CRT in "black". This may be used tc erase
things.
i) — graph on the plotter using Pen 1.
2) —— graph on the plotter using Pen 2.
0) -- put away the current plotter pen and select the CRT.
Example: Choose_plotter

10



2 7}

Ellipstuff Low Level Routines

These are routines which are used in building user routines. Since these
must deal with inverse covariance matrices also, the slots specified may run
from 1 to 40. The user will generally not use these, except when adding to

the Ellipstuff modulse.

Invert(Source, Destination)
This command inverts the covariance @atrix in slot Source and puts

the inverse in slot Destinaticn.
Example: Invert(3, 23)

Add_covariance(Ellipsel, Ellipse2, Summer)
Tnis command adds the covariance matrices stored in slots Ellipsel

and Ellipse2, and stores them in slot Summer.
Example: Add_covariance(1,2,3)

Gel_bounds(Ellipse, Prob_constant)
This command calculates and saves the extreme x and y points for the

ellipse in slot Ellipse.
Example: Get_bounds(3, -5.991)

11



A. GENELLIPSE: Ellipse Graphing Program

Genellipse is ai. "¢llipre graphing and combination" program. It allows the
user to specify up to twenty confidence ellipses, combine ellipses, graph
ellipses, and test ellipses for combination. It has been used primarily to
explore the geometric properties of the combination method, but has also been
used to create figures for a number of other reports.



P LI T R B S N T T SH P

.
« « .

- -

100 |..I.Q.......QI.II'l....l..l...llllIIIIllllllllllllllll.'.ll..ll!
110 1e GENERAL ELLIPSE GRAPHER L&
120 1e LA}
130 1* This prograa uses the general ellipse generation and graph-*!
140 1% 1ing routines found in the file ELLIPSTUFF. Its purpose L
150 1® 1s to graph general ellipses and combinations of ellipses. *!
160 te L]
170 e Will Duquette May 13, 1985 *t
]80 (SRR AR R0 Re R g EaRtaReCRRORRRReRRRERARRNCRISRRRRINERREERE)
190  COM /Ellipses/ Matrx(2,2,%0),Xbar(20),.Ybar(20).Major_sxis(20) ,Minor_axis(
20),Theta(20),.Angle(20),.Emin_x(20),Emax_x(20).Emin_y(20),Emax_y(20)

191 REAL Xmin,Xsax,Yain,Ymax,Prob constant

200 Intt 21 =

210 GINIT

220 CCLEAR

230 ! These variables define the size or the screen. For best results,
280 I the lengths of the X and Y axes shcould be about the sape.

250 Xmine=50

260 Xmaxe50

270 min=50

280 Ymax=50

281  Prob_constant=2°.,0G(.05)

290 ! Display the ssnu -

300 Menu_top:!

310 Clearscreen

320 PRINT “GENERAL ELLIPSE GRAPHER"™

330 PRINT

380 PRINT * "
350 PRINT ® (A) — Enter Ellipse Mean Point (Center)"

360 PRINT * (B) = Enter Ellipse Shape (Covariance Matrix)"

370 PRINT * (C) -- Enter Ellipse Shape (Axes and Orientation)”

380 PRINT * (D) — Combine Two Ellipses (JPL Method)"

390 PRINT * (E) - Graph an Ellipse"

%00 PRINT * (F) ~— Clear Graphics Screen®

01 PRINT = (G) = Choose Plotter”

10 PRIXT = (H) -- Set Graphics Screen Bounds”

820 PRINT ® (I) — Calculate Acceptance Test Statistic (Chi-square)”
a1 PRINT ® (J) =— Draw Axes"

430 PRINT * (X) -~ Exit Prograaz"

LED] PRINT

450 PRINT "Enter your choice:"

260 DISP "Choose an option:";

LY (] INPUT Option$

80 SELECT Optica$

90 CASE "A","a" ! Get ellipse mean points.

500 Clearscreen

510 PRINT "Getting mean point for Ellipseé#”;

520 AEPEAT

530 Ellipse=0

580 DISP "Enter the Ellipsef (1-20)";

550 INPUT Ellipse

560 PRINT Ellipse

570 IF Ellipse<=20 AND Ellipse>0 THEN CALL Get_ell_nnn(Elllpu)
580 UNTIL Ellipse=0

590 CASE *B","db" ! Get ellipse covariance matrices

600 Clearscreen

610 PRINT "GCetting Shape (Covariance Matrix) for Ellipsed~;

620 REPEAT

630 Ellipse=0

6%0 DISP "Enter the Ellipsef# 1-20)";

650 INPUT Ellipse

660 PRINT Ellipse

670 IF Ellipse<=20 AND Ellipse>0 THEN CALL Get_covariance(Ellipse)
680 UNTIL Ellipae~0

690 CASE "Ch, "c" ! Get ellipse axes and orientatioan

R R L TR IR CPP PNy, Suv Wy Wy, Uy I WL Uo WIS W SRR S

TR PV PSP
v ——

< rom—



700

Clearscreen

T10 PRINT "Cetting Shape (Axes and Orientation) for Ellipse#*;
720 REPEAY

T30 Ellipse=0

7% DISP "Enter the Ellipse# (1-20)";

750 INPUT Ellipse

760 PRINT Ellipse

T70 IF Ellipse<=20 AND Ellipse>0 THEN CALL Get_axes{(Ellipse)
780 UNTIL Eilipse=0

T90 CASE *"D","" ! Combine ellipses

800 Clearscreen

810 PRINT "Combining two ellipses®

820 PRINT

830 Ell.psei=0

8%0 Ellipse2=0

850 Ellipse3=0

860 PRINT "Ellipse ! ¢#%;

870 DISP "Enter the first Ellipses (1-20)";

880 INPUT Ellipsel

890 PRINT Ellipasel

900 PRINT “ellipse 2 #*;

910 DISP "Enter the second Ellipse# (1-20)";

920 INPUT Ellipse2

930 PRINT Ellipase2

940 PRINT “"Combined Ellipse #*;

950 DISP *Enter the combined Ellipse# (1-20)";

960 INPUT Z211ipse3

970 PRINT Ellipse3

980 IF Ellipsei<=20 AND Ellipse1>0 AND Ellipse2<=20 AND Ellipsel1>0 AND Ell
ipse3<=20 AND Ellipse3>0 AND Ellipse3<>Ellipsel AND Ellipse3<>Ellipse2 THEN
990 Combine_ellipsa(Ellipsel,.Ellipse2,Ellipsel)

1000 END IF

1010 PRINT "New Mean Point: ",Xbar(Ellipse3),", *, Ydbar(Ellipse3)
1020 PRINT

1030 PRINT “New Covariance Matrix:*

1040 Display_cov(Ellipse3)

1050 Pauseabit

1060 CASE "E","e® ! Graph ellipses

1061 REPEAT

1070 Clearscreen

1080 PRINT "Graphing Ellipse#";

1100 Ellipse=0

1110 DISP “Enter Eliipse# (1-20)";

1120 INPUT Ellipse

1130 PRINT Ellipse

1140 IF Ellipse<=20 AND Ellipse>0 THEN

1150 PRINT

1160 PRINT "Center Point (";Xbar(Ellipse);", ";Ybar(Ellipse):")”
1170 PRINT

1180 PRINT "Covariance Matrix:"

119u Display_cov(Ellipse)

1200 PRINT "Major: ";Major_axis(Ellipse);" Minor: ";Minor_axis(Ellip
se)

1210 PRINT "Orient: “;Angle(Ellipse)

1220 Invert(Ellipse,.Ellipse+20)

1230 Get_bounds(Ellipas,Prob_constant)

1250 Draw_ellipse(Ellipse,Xnin,Xmax,¥min, Ymax,Prob_constant)
1260 ALPHA ON

1280 END IF

1281 UNTIL Ellipse=0

1290 CASE "F","r" { Clear the graphics screen

1300 GCLEAR

1301  CASE “G","g" { Choose the plotter device

1302 Choose_plotie.

1310  CASE "H","nh" { Set the screen boundaries

1320 Clearacreen



1330 /RINT "Setting 3Screen Boundaries....”

1340 PRINT

1550 REPEAT

1360 £l1ipse=0

1370 DISP "Display Extre-a Points for Ellipsed (1-20)%;
1380 INPUT Ellipse

1390 IF E111pse>0 AND Ellipse<=20 THEN
1400 Invert(Ellipse,Ellipse~20)

1810 Get_bounds(Ellipse,Prob_conatant)
1426 Disp_extremes(Ellipse)

1330 END IF

14%0 UNTIL Ellipse=0

1450 PRINT

1460 Get_x:!

1470 PRINT "Minimum X value: ";

1880 DISP "Enter the minimum X value";

14890 INPUT Xmin

1500 PRINT Xmin

1510 PRINT "Maximum X value: %;

1520 DISP "Enter the maximum X value”;

1530 INPUT XDax

1540 PRINT Xmax

1550 IF Xain>eXmex THEN Get_x

1560 Get_y:i

1570 PRINT "Minimum Y value: *;

1580 DIS) "Enter the sinigum Y value";

1590 INPUT Yamin

1600 PRINT Ymin

1610 PRINT "Maximum } value: *;

1620 DISP "Enter the maximum Y value”;

1630 INPUT Yaax

1640 PRINT Ymax

1650 IF Ymin>=Vmax THEN Cet

166C  CASE "I","i" 1 Calculate ths chi~square acceptance test statistic
1670 Clearscreen

1680 PRINT "Calculating Acceptance Teat”
1690 PRINT

1700 Ellipsel=0

170 Ellipse2=0

1720 Sworks=C

1730 PRINT "Ellipse 1 é";

1740 DISP "Enter the f!rst Ellipse# (1-20)";
1750 INPUT Ellipsel

1760 PRINT Ellipset

1770 PRINT “ellipse 2 #";

1780 DISP "Enter the secord Ellipsed (1-20)";
1790 INPUT Ellipse2

1800 PRINT Ellipse2

1810 PRINT "Scratch Work #";

1820 DISP "Enter tho scratch work ¢ (1-20)";
1830 INPUT Swork

1880 PRINT Swork

1850 IF Ellipse1<=20 AND Ellipre1>0 AND Ellipse2<«20 AND Ellipse!>0 AND Swo
rk<=20 AND Swork>0Q AND Swork<>Ellipsal AND Swork<>Ellipse2 THEN
1860 Teat(Ellipse! ,Ellipse2,Swork,Test_stat)
1870 END IF

1880 PRINT

1890 PAINT “The Test statistic is ®;Test_stat
1900 PRINT

1910 PRINT

1920 Pauseadbit

1921  CASE "J»,"3" ! Draw in the axes
1322 CRAPHICS ON

1923 CSIZE 2

1925 MOVE 0,0

1§26 DRAW 0,100



[

1927 MOVE 100,0

1928 DhAW 0,0

1929 LABEL *(™;:Xain;",":Ymin;")"
1930 LORG 7

1931 MOVE 100,0

1932 LABEL Xmax

1933 LORG 3

1934 MOVE 0,100

1935 LABEL Ymax

1936 LORG &

1937 HOVE 50,0

1938 CSIZE 3

1940 LABEL "X~Axis (in %ilometers)"
1941 MOVE 0,50

1942 DEG

1943 LDIR 270

1944 LABEL *"Y~Axis (in kilometers)"
1945 LORG 1

1946 LDIR O

1947 RAD

1949  CASE "X","x" 48 C8N stop now
1950 Clearscreen

1951 PRINT "That's all, folks!"™

1960 STOP

1970 CASE ELSE

1980 PRINT CHR$(T7)

1990 END SELECT
2000 GOTO Mernu_top

2010 END

5000 1

5010 { SUBROUTINES: Taken from ELLIPSTUFF

5020 H

5030 SUB Invert(Srce,Deat)

5040 ! This routine inverts any covariance matrix in Matrx and places

5050 ! the inverted matrix in Dest.

5060 COM /Ellipses/ Matrx(2,2,40),Xvar(20),Ybar(20),Major_axis(20),Minor_ax
18(20},Theta(20),Angle(20),Emtn_x(20),Emax_x(20),Emin_y(20), Emax _y(20)

5070 DeteMatrx(1,1,Srce)®Matrx(2,2,Srce)-Matrx(1,2,Srce)*Matrx(1,2,Srce)
5080 Matrx(1,1, n.m-um-x(z 2.Srce)/Det

5050 !htrx(z.z.nnt)-mtrx(i +1.Srce)/Det

5110 Matrx(1,2,Dest)s-Matrx(1,2,Srce)/Det

5110 Metrx(2,1,Dest)=-Matrx(2,1,Srce)/Det

5120 SUBEND ! End of SUB Invert

5130 1

5140 1| GET_BOUNDS

5150 !

5160 SUB Get bounds(Ellipse,Prob_constant)

5170 t This subroutine calculates the X and Y limits for the given ellipse
5180 COM /Ellipeas/ Matrx(2,2,40),Xbar(20),Ybar(20),Major_axis(20),Minor_ax
18(20),Theta(20),Angle{20),Emin x(20) , Emax _2(20) ,Emin_y(20),Emax_y(20)

5190 REAL Tempi,Temp2, ‘l'onpS Templ, Temp5

5210 TemplieMatrx(2,2,El11ipse+20)*Prob_constant

5220 Temp2=Matrx(1,2,E111pse+20)*Matrx(1,2,E11ipse+20)-Hatrx(1,1,E111pse+20
)*Matrx(2,2,E111pse+20)

5230 Temp3={Temp1/Temp2)~(.5)

5240 Tompi=Matrx(1,1,E1iipse+20)#Prob_constant

5250 TempS5e(Templ/Temp2)~(.5)

5260 Enin_y(Ellipse)=-TempSe¥bar(Ellipse)

5270 Esax y(Ellipse)=Temp5+Ybar(Ellipse)

5280 toin x(Ellipse)=-Temp3+Xbar(Ellipse)

5290 Epax x(Fllipu)-ToinXbar(Ellipae)

$300 SUBEXD | End of GET_BOUNDS

5310

5320 | CHOOSE_PLOTTER

5330 !



$3%0 SUB Choose_plotter

5350 1 Sudbroutine to choose the desired plotter device
5360 REPEAT

5370 Go_on==1

5380 DISP "Do you want to (D)raw, (E)rase, Plot with Pen (0), (1), (2)2"
]

5390 LINPUT Message$

5%00 SELECT Message$

5810 CASE "D", "a"

5420 PLOTTER IS 3,"INTERNAL"

5830 GRAPHICS ON

5440 PEN 1

5“50 Go.m-'

5451 CASE "Q*

5452 PLOTTER IS 705, "HPGL"

5853 GRAPHICS ON

5458 PEN O

5455 Go_one1

5460 CASE "1

5470 PLOTTCR 1S 705,"HPGL"

5480 GRAPHICS ON

5490 PEN 1

5500 Go_on=1

5501 CASE W

5502 PLOTTER IS 705, "HPGL"

5503 GRAPHICS ON

5504 PEN 2

5505 Go_on=1

5510 CASE "E™,%e"

£520 PLOTTER IS 3,"INTERNAL"

5530 GRAFHICS ON

5540 PEN -1

5550 Go_one=1

5560 CASE ELSE

5570 PRINT CHR$(T)

5580 END SELECT

5590 UNTIL Go_onet :
5600 SUBEND

5610 !

5620 1 GET_ELL MEAN

5630 !

5640 SUB Get_ell mean(Ellipse)

5650 ! T™his subroutines prompts the user for the mean of an ellipse.
5660 COM /Ellipses/ Matrx(2,2,4%0),Xdar(20),Ybar(20),Major_axis(20),Minor_ax

18(20),Theta(20),Angle(20) ,Enin_x(20),Emax_x(20),Emin_y(20),Emax_y(20)
5670 Clearscreen

5680 PRINT TABXY(1,10);:"WHAT IS X-BAR for ELLIPSE ";Ellipse;"?";
5690 INPUT Xbar(Ellipae)

5700 PRINT Xvar(Ellipse)

5710 PRINT TABXY(1,11);"WHAT IS Y-BAR for ELLIPSE ";Ellipse;"?";
5720 INPUT Ybar(Ellipae)

$730 PRINT Ybar(Ellipse)

5740 Pauseabit

5750  SUBEND

5760 1

5770 1 GE:_CO%(RIANCE

5780 1

5790 SUB vet_covariance(Ellipse)

5800 ! This routine gets the covariance matrix for- an ellipse
5810 COM /Ellipses/ uatrx(2,2,40),Xbar(20), Year(20) ,Major_axis(20),Minor_ax

18(20),Theta(20),Angle(20) .hin_x( 20) .Emu_x( 20), Elllin_y(zo) .Enlx_Y(ZO )
5820 Clearscreen

5830 FOR K=1 TO 2

5340 PRINT TABXY(1,3+K+6);"ENTER ELEMENT (":K:",":K;:") IN THE COVARIANCE
MATRIZ FOR ELLIPSE#";Ellipse;”: ";

5850 INPUT Matrx(K.K,Ellipse)



5860 PRINT Matrx(K,K,Ellipse)

5870 NEXT K

5880 PRINT TABXY(1,3+9);"ENTER ELEMENT (1,2) IN THE COVARIANCE MATRIX FOR E
LEMENT#®;1;7: »;

5890 INPUT Matrx(1,2,E11ipse)

5900 Matrx(2,1,E1lipse)=Matrx(1,2,El111pse)

5910 PRINT Matrx(1,2,Ellipse)

5920 Pauseabit

5930 SUBEND

5940

5950 | PAUSEABIT

5960 1!

S970 SUB Pa' seabit

5980 ! Pruse and wait for a carriage return

5990 DISP "Type ENTER to conunuo...";

6000 INPUT Garbage$

6010 SUBEND

6020 SUB Clearacresen

6030 ! Clear the screen

6040 PRINT CHR$(12)

6050 SUBEND

€350 1

6070 ! GET_AXES

6080 1t

6090 SUB Get_axes(Ellipsas)

6100 . This subrcutine gets an ellipse in terr- of the axes and the
6110 ! angle of orientation. These are converted into a covariance
6120 { matrix.

6130 COM /Ellipses/ Matrx(2,2,40),Xbar(20),Ybar(20),Major_axis(2C), Minor_ax

13(20),.Theta(20),Angle(20),Enin x(20) Emax_x(20),Emin_y(20), Emax _y(20)
6140 Prob_constant=2#L0G(.35)

6150 Clearscreesn

6160 PRINT "WHAT IS THE RADIUS OF THE MAJOR AXIS OF ELLIPSE ";Ellipse;" : "
H

6170 INPUT Major_axis(Ellipse)

6180 PRINT Major_ “axis(Ellipse)

6190 PRINT "WHAT IS THE RADIUS OF THE MINOR AXIS OF ELLIPSE ";Ellipse;" : "
]

6200 INPUT Minor_axis(Elli;se)

6210 PRINT Mtnor_axts(Ellipse)

6229 PRINT "WHAT IS THE ANGLE (IN DEGREES) OF THL MAJOR AXIS OF ELLIPSE ";E
llipse;™ : ";

6230 INPUT Angle(Ellipse)

6240 PRINT Argle(Ellipse)

6250 ! Convert to Covariance Matrix

6260 Theta(Ellipse)=PI*Angle(Ellipse)/180

6270 Matrx(1,1,Ellipse)=(Major axis(Ellipse)*COS(Theta(£111ipse’)) 2+ (Minor_
uu(Enlpu)'SIN(ThGn(Elnp.n)))“f

6280 Matrx(2,2,Ellipse)e(Major axis(Ellipse)*SIN(Theta(Ellipse)})“2+(Minor_
axi3(E111pse)*COS(Tneta(Ellipse)})) 2

6290 Matrx(2,1,Ellipse)=((Major_axis(Ellipse))”2-(Minor_axis(Ellipse))"2)*C
0S(Theta(Ell1pse))*SIN(Theta(Ellipase))

6300 Matrx(1,2,Ellipse)=Matrx(2,!,Ellipse)

6310 FOR J=1 TO 2

6320 FOR Ket TO &

6330 Matrx(J,K,Ellipse)=Matrx(J,K,E11ipse)/(-Prob_constant)

63u0 NEXT K

6350 NEXT J

6360 PRINT

6370 Pauseabit

6380  SUBEND

6390 1

6400 1 DISPLAY_COV

64110 !

6420 SUB Cisplay cov(Eliipse)

6430 1 Dlsplays the cc ariance matrix for an ellipce



6440 COM /Ellipses/ Matrx(2,2,40),Xdbar(20),Yhar/20),Major_ax1s(20),Minor_ax
13(20),Theta(20),Angle(20),Enin_x(20),Ezax x(20),Emsn_y(20), Enaq_y(zo)

6450 FOR Iet TO 2

6460 FOR Jel TO 2

0470 PRINT Matrx(I,J,Ellipse):" :

6480 NEXT J

6490 PRINT

6500 NEXT I

6510 SUBEND

6520

6530 ! ADD_COVARIANCE

540 !

6550  SUB Add_covariance(First,Second,Sumer)

6560 ! This subroutine can be used to add SummersFi: . ._.-ond

6570 COM /E1lipses/ Matrx(2,2,”-)),Xbar(20),Ybar(20).Ma or_axis(20),iiinor_ax
18(20),Theta(20),Angle(20},Emin x(20),Emax x(20),Emin_y(20),Emax_y(20)

6530 INTEGER I,J

6590 FOR I~} TO 2

6600 FOR Jel TO 2

6610 Matrx(I,J,Summer)=Matrx(Il,,First)+Matrx’I,J,Seconc)

6620 NIXT J

6630 NEXT I

6640  SUBEND

6650

6660 ! COMBINE_ELLIPSE

6670 !

6680 SUB Combine_ellipse(First,Second,Combo)

6690 ! Thias routine finds the "JPL" combination of the F.irst and Second
6700 ! ellipses.

6710 COM /Ellipses/ Matrx(2,2,40),Xdar{2)),Ybar(20) sMajor_ax1s(20),Minor ax
13(20),Theta(20),Ang1e(20),Enin_x(20),Emax_x(2C),Emin_y(20),Emax_y(20)

6720 REAL Sx1,Sx2

6730 ! Calculate the new covarian~e ma.rix.

6740 Invert(First,Firast+20)

6750 Invert(Second,Second+20)

6760 Add_covariance(First+20,Sc .nd+20,Combo+20)

6770 Invert({Combo+20,Combo)

6780 ! Calculzte the new mean point.

6790 Sx1=Matrx(1,!,First+20)*Xvar(First)+Matrx(1,2,First+20)*Ybar(¢irst)
6800 Sx1=Sx1+Matrx(1,1,Second+20)%Xbar(Second)+Matrx(1,2,Second+20)*Ybar(Se
cond)

68i0 Sx2=Matrx(2,:,Firast«20)*Xbar(First)eMatrx(2,2,First+20)*Ybar(First)
6820 Sx2e=Sx2+Matrx(2,1,Second+20)*ibar(Second)+Matrx(2,2,5econd+20)*Ybar(Se
cond)

6830 Xdar{Combo)-Matrx(1,1,Com,0)*Sx1+Matrx(1,2,Combo)*Sx2

6840 Ybar(Combo)=Matrx(2,i,Combo)*Sx1+Matrx(2,2,Combo)*Sx2

66850 SUBEND

6860 .

6870 1 DISP_EXTREMES

6880

6890 SUB Disp_sxtremes(Ellipss,

6900 ! This routine displays the extreme r -ud y values for the specified
6910 t ellipse

6920 COM /Ellipses/ Matrx(2,2,40),Xbar(20),Ybar(2C),Major axis(20),Minor_ax
18.20),Theta(20).Angle(20),Emin_x(20,,Fmax_x(2C),Emin_y{20), Emax _y(20)

6930 PRINT "E# ";Ellipse; ' "

6940 PLINT "Xmin ";Emin x(Ell‘psc):

6959 PRINT "; Xmax ";Emax _x(Ellipse);

6960 PRINT "; Ymin ";Emin_y(Ellipse);

6970 PRINT "; Ymax ";Emax_y(Ellipse)

6980  SUBEND

6990  3UB Dr=w_ellipse(Ell{pse. Xnin,Xmax,Yuin, Ymax,Prob _constant)

7000 . This routine draws one (1) elliprs on the current plotter device.
7010 COM /Ellipses/ Matrx{(2,2,40),Xbar(c0),Ybar(20),Ma or_ ax§s(20),Minor_ax

.8(20),Theta(20,,Angle(20,,Enin_x(20),Emax_x(20),Emin_y(20), Emax _y(20)

7020

INTEGER Sign
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- - B

7030 REAL Xpoint,Upoint,¥noint,Templ,Tem~2,Tern3, Teapl, Tamps
7060 GRAP|..CS ON
7070 ! Draw top half of the ellipue
7030 Signet
7090 GOSUS Draw_half
100 1 Draw botiom half of the ellipse :
7110 Signe-1 :
7120 GOSUB Draw_half
7130 ! Finish up
T140 MOVE (¥var(Ellipse)-Xmin)*100/(Xmax=~Xmin),(Yvar(Ellipse - 2in)*100/(Ym
ax=-Ymin)
7150 DRAW ,Xpar(Ellipse)-Xmin)®*100/(Xmax~-Xmin),(Ybar(Ellipse)=Ymin)*#100/(Yn
ax-¥min) '
7160 ! Okey, dokey, we're done here,
T170 SUBEXIT !
7180 Draw half: { Draw half of the ellipse )
7190 T1 I7 Signel, then draw top half: if Siga=1, then bottom lalf.
7200 FOR Xpo‘nteEmin_x(Ellipse) TO Emax x(Ellipse) STk .1
7210 GOSUL Draw_1_pcint
7220 NEXT Xpoint
7230 Xpoint=Emax x(Ellipse)
T240 COSUB Draw_1_point
7250 RETURN
7260 !
71270 ! Compute each voint an¢ draw the new line. (It's here since we calli
7280 !t it twice
7290 !
7300 Draw_!_point: !
7310 UpointeXpoint-Xbar(Ellipse)
7320 TempleMatrx(1,2,E11ipse+20)%Upoint
7330 Temp2=Temp!i*Templ-~Matrx/Z,2,E1lipse+20)¢(Matrx(1,1,E11ipse+20)*Upaint+
Upoint+Prob constant)
7340 IF Temp2¢10°(-10) THEN Temp2e0
7350 Ypointe(~Temp1+S1gn"SQR(Temp2)) /Matrx(2.2,E111pse+20,+Ybar(Ellip &)
7360 IF Xpoint<=Emin x(Zllipse)+.001 THEN
7379 SOVE (Xpoint=Xmin)*100/(Xmax~-Xmin),(Ypoint-Ymin)*100/(¥Ymax ~Ymi 1}
7380 EISE
70 DRAW (Xpoint-Xmin)®100/(Xmax-Xamin},(Ypoint-Yain)*100/(Ymax~Ymin)
Tald END IF
7410 RETURN
7420 SUBEND
7430 !
TU440 ! TEST
7450 1
7460 SUB Test(First,Second,Work,Tesc_val)
7470 ! This routinss calculates cthe acceptanct -ast criteria for First and
1480 { Second. wWork {s used as a "scratchpad™.
7490 COM /Ellipses/ Matrx(2,2,40),Xbar(20),Ybar(20),Major_axis(20),Miror_ax

18(20).Theta(20),Angl12(20),Erin_x(20),Emax_x(20),Eain_y(20),Emax_y(20)

1500 Add_covariance(First,Sacond,Work)

7510 Invert(Work,Work+20)

7520 Diffx=Xbar(First)-Xbar{Second)

753¢C Dif*veYbar(First)-Ybar{Second)

T540 Ten .sMatrxil,1,Work+20 )#Dirrx+Matrx(1,2,Work+20) Difty
7550 Tenp2=Matrx(2,1,Work+20)*Diffx+Matrx(2,2,Work+20)8Difly
7560 Test_valeDiffx*Teap!+Diffy*Temp2

7570  SUBEND



B. ELLSIM: Ellipse Simulation Program

Ellsim 1s a "confidence ellipse simulation" program. It hus been used to
explore the ~obustness and properties of the statistical test (which is used
to decide whether or nut to combine two ellipses). In it, two normal data
distributions are specified, corresponding to two emitters. Confidence
ellipses are generated, tested, and combined, and varicus Jdescriptive
statistics are compiled. In addition, there is a routine to celculate the
power of the statistical test in certain cases.

{
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$(20), Theta(20) ,Angle(20),Entn_x(20),Exax_x(20),Emin_y(20),Emax_y(20)

1170
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1230
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1410
1450
1860
1470
1480
1490
1500
1510
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1540
1550
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1580
1590
1600
1610
1620
1630
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Ellipse Simulation Driver

supported.

Original: 1/17/85 Updated:

This i{s a simple simulation program for the ellipse
combination test. Only the Normal distritution is

7/29/85

- rm et em Wt G rm e e .

t 7/29/85

_of_program: t

t Use Fast Math card
CONTROL 32,2;1

1 Specify common variadbles batween the Jlifferent subprograss

- o tw @ s g s b

COM /Ellipses/ Matrx(2,2,4%0),Xbar(20),Ybar(20),Major_axis(20),Minor_axi

COM /Driver/ Obs(2)

Driver_menu: !

Get

Get

Clearscresn

PRINT "Ellipse Combination Program Driver®
PRINT
PRIKT *(A)
PRINT "(B)
PRINT ®(C)
PRINT "{D)
PRINT "(E)
PRINT "(X)
PRINT

Specify True Covariance Matrices*®
Specify True Mean Parameters"”
Specify Observations®

Call Simulation Generator®

Call Power Generator®

Exit Progra="

_choice: t

INPUT “Enter your choice:",0Option$
SELECT Option$
CASE "A","a"
Clearscreen
CALL Get_covariance(1)
CALL Get covariance(2)
CASE "8","b"
Clearacreen
CALL Get_ell mean(1)
CALL Get_¢ “ell lun(z)
CASE "C","c"”
Clearscreen
GOSUB Get_obs
CASE "D%,"a"
Clearscreen
CALL Sim ellipse
CASE "Ev,"e"
Clearscreen
CALL Power_ellipse
CASE "X%,"x"
COTO Enc_program
CASE ELSE
PRINT CHR$(7)
GOTO Get_choice
END SELECT
GOTO Driver_menu

SUBROUTINES

1

! Cet the number of TRIALS (Main Meru Choice “B%)
1

obs: 1

“FOR Imatel TO 2

TN ArAC AR ey

TR A W WMV~ s g

ran -

(AN SN S S
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16R0 PRINT "How many observations for ellipsa #";Imat;": ";

1650 IRPU1 Obs(lmeat)

1660 PRINT Oba(Imat)

1670 NEXT Imat

1680 RETURN

1690 End_program:!

1700 END

1710 1 t
1720 t SUBPROGRAMS AND FUNCTIONS

1730 !

178  SUB Invert(Srce,Dest)

1750 ! This routine inverts any covariance matrix in Matrx and places
1760 ! the inverted matrix in Deat.

1770 COM /Ellipaes/ Matrx(2,2,40),Xbar(20),Ybar(20),Mzjor_ax1s(20),Minor_ax
13(20),Theta(20),Angle(20),Enin_x(20).Emax_x(20),Emin_y(20).Emax_y(20)

180 DeteMatrx(1,1,Srce)*Matrx(2,2,Srce)-Matrx(1, S 2,Srce)™Matrx(1,2,Srce)
1790 Matrx(1,1,Dest)=Matrx(2,2,5rce) /Det

1800 lhtrx(z.z.Mt)-mtr:(l.l.Sm)IDot

1810 Matrx(1,2,Dest)==Hatrx(1,2,S5rce) /Dot

1820 Matrx(2,1,Dest)==Matrx(2,1,Srce)/Det

1830 SUBEND ! End of SUB Invert

1840 !

1850 1t GET_BOUNDS

1860 1t

1870 SuB Go?-_bmnds(tlllpu.?rob_eonamt)

1880 ! This subroutine calculates the X and Y limits for the given ellipse
1890 COM /Ellipaes/ Matrx(2,2,40),Xbar(20),Ybar(20),Major_axis(20),Minor_ax
18(20),Theta(20),Angle(20) ,Emin_x(20),Emax_x(20) uzn_y(zo).mx_y(zm

1900 REAL Teopt,Temp2,Temp3,Temph, Temps

1910 Tempi~Matrx(2,2,E1lipse~20)*Prob_conatant

1920 Temp2=Matrx(1,2,Ellipse+20)*Matrx(1,2,E11ipse+20)-Matrx(1,1,Ellipse+20
J*Matrx(2,2,E11ipse+20)

1§30 Temp3=(Templ /Temp2) “(.5)

19%0 Temps=Matrx(1,1,E111ps2+20)*Prob_constant

1350 TempS5=(Tempi/Temp2)“(.5)

1960 Emin_y(Ellipse)e-TempS+Ybar(Eli .pse)

1970 Emax y(Ellipse)=TewpS5+Ybar(Ellipse)

1980 tmin x(Ellipse)=-Temp2+Xbar(Ellips~)

1930 £aax x(Elnpu)-x‘rcwsoxnar(mlipse)

2000 SUBEND t End of GET_BOUNDS

201G 4

2020 { CHOOSE_PLOTTER

2030 1t

2050  SUB Choose_plotter

2050 { Sudbroutine to choose the desired plotter device

2060 REPEAT

2070 Go_one-1

2080 DISP "Do you “ant to (D)raw, (E)rase, Plot with Pen (0), (1), (2)2"
v

2090 LINPUT Message$

2100 SELECT Message$

2110 CASE "D","¢"

2120 PLOTTER IS 3,"INTERNAL"

2130 GRAPHICS ON

2140 PEN 1

2150 Go_on=1

2160 CASE “0*

2170 PLOTTER IS TOS,"HPGL"

2180 GRAPHICS ON

2190 PEN O

2200 Ge un=1

2219 CASE v

2220 PLCTTER IS 705, "HPGL"

2230 GRAPHICS ON

2240 ®EN

DR S B0 S NP RN -
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2250 Go_one1

2260 CASE *2

2270 PLOTTER IS 709, "HPGL"
2280 GRAPHICS ON

2290 PEN 2

2300 Go_on=1

2310 CASE “E%,%e"

2320 PLOTTER IS 3,"INTERNAL"
2330 GRAPHICS CON

23480 PEN -1

2350 Go one=1

2360 case Bise

2370 PRINT CHR$(7)

2380 END SELECT

2390 UNTIL Go_on=1

2800  SUBEXD

2810 1 :

2420 ! GET_ELL_MEAN

2830 {

2880  SUB Get_ell mean(Ellipse)

2450 ! This subroutines prowpts the user for the Jsan of an ellipse.
2860 COM /Ellipses/ Matrx(2,2,%0),Xdar(20),Ydvar(20),Major uis(ZO).Hlnor_lx

18(20),Theta(20),Angle(20),Eain_x(20),Ezax_x(20),Enin_y(20) Emex_y(Z0)
270 Clearscreen

2880 PRINT TABXY(1,10);"WHAT IS X-BAR for ELLIPSE ";Ellipse;"?";
2890 INPUT Xbar(Ellipse’

2500 PRINT Xbar(Ellipse)

2510 PRINT TABXY(1,11);:"WHAT IS Y-BAR for ELLIPSE ";Ellipse;"?";
2520 INPUT Ybar(Ellipse)

2530 PRINT Ybar(Ellipse)

2580 Pauseabit

2550 SUBEND

2560 !

2570 { GET_COVARIANCE

2580 1

2590  SUB Get_covariance(Ellipse)

2600 ! This routine gets tne covariance satrix for an cllipse
2610 COM /Ellipses/ Ma-rx(2,2,40),Xdbar(20),Ybar(20),Major_axis(20),Minor_ax

18(20),Theta(20),Angle(20),Emin_x(20),Emax_x(20),Emin y(20),Enax_y(20)
2620 Clearscreen

2630 FOR Kel TO 2

2540 PRINT TABXY(1,3+K+6);"ENTER ELEMENT (™:K;",":;K;") IN THE COVARIANCE
MATRIX FOR ELLIPSE#";:Ellipse:®: ';

2650 INPUT Matrx(K,K,Ellipse)

26€) PRINT Matrx(K.«,Ellipse)

2670 NEXT K

2680 PRINT TABXY(1,3+9);"ENTER ELEMENT (1,2) IN THE COVARIANCE MATRIX FOR E
LEMENT#";1;%: ";

2690 INPUT Matrx(1,2,Ellipsa)

2700 Matrx(2,1,Ellipse)=Matrx(1,2,El11ipse)
2710 PRINT Matrx(1,2,Ellipse)

2720 Pauseabit

2170 e

2780 ]

27150 { PAUSEABIT

27160 1

2770  SUB Pauseabft

2180 1 Pzuse and wvait for a carriage return
790 DISP *Type ENTER tO cX.tinue...";

2800 INPUT Gardbage$

2810 SUBEND

2820 SUB Clearscresn

2830 ! Clear the screen

2880 PRINT CHR$(12)

2050 SUBEXD

2860 1
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2870 | GET_AXES

2880 1

2890 SUB Get_axes(Ellipse)

2900 1 ™ia subroutine gets an ellipse {n terss of the szes and the

2910 1 angle of orientation. These are converted into a covariance

2920 1 matrix.

2930 COM /Ellipses/ Matrx(2,2,40),Xpar(20),Yb. (20),Msjor_axis(20),Minor_ax

184237, Thaea(27) ,angle(20) . Enin x(20) Emax x(ZO).Ellm_y(ZO).EIIX_y(ZO)
2940 Prob_constant ~2% 7" (. 05)

295¢C Clearscreen

2950 PRINT "WHAT IS THE RADIUS OF THE MAJOR XI5 OF FLLIPSE ";Elltpae;" : "
2979 INPUT Major_axia(Ellipse)

2980 PRINT Major i “axis(Ellipse)

2990 PRINT "WHAT IS THE RADIUS OF THE MINOR AXIS OF ELLIPSE ";Ellipse;® : ™
3

3000 INPUT Minor_axis(Ellipse)

3010 PRINT Minor_axis(Ellipae)

3020 PRINT "WHAT IS THE ANGLE (IN DEGREES) OF THE MAJOR AXIS OF ELLIPSE ":E
1llipse;" : =;

3030 INPUT Angle(Ellipse)

3040 PRINT Angle(Ellipse)

3050 ! Convert to Covariance Matrix

3060 Theta(Ellipse)=PI*Angle(Ellipse)/180

3070 Materx(1,1,E111pae)=(Major_axis(Eilipze)*COS(Theta(Ellipae))) 2e(Minor_
axis(Ellipse)*SIN(Theta(Ellipse)))~2

3080 Matrx(2,2,El11pse)=(Major_axis(E lipse)*SIN(Theta(Ellipse)))“2+(Minor_
ax1is(Ellipse)*COS(Theta(Ellipse))) "2

3090 Matrx(2,1,E111pse)=((Major_axis(Ellipse))"2-(Minor_axis{ "11ipse))“2)%C
0S(Theta(Ellipae))*SIN(Theta(Ellipse))

3100 Matrx(1,2,El1ipse)=Mr=rx(2,1,E1lipse)

3110 FOR Je1 TO 2

3120 FOR Ke1 TO 2

3130 Matrx(J.K,Ellipse)eMatrx(J.K,ELlipse)/(~Prob_constant)

3140 NEXT K

M50 NEXT J

3160 PRINT

3170 Pauseadit

3180 SUBEMD

3190 1

3200 ! DISPLAY COV

3210 ! -

3220 SUB Display_cov(Ellipae)

3230 ! Displays the covariance matrix for an ellipse

3250 COM /Ellipses/ Matrx(2,2,80),Xbar(20), Ybar(20),Major_axis(20),Minor_ax

18(20),Theta(20),Angle(20),.Euin_x(20),Emex_x(20),Esin_y(20),Esax_y(20)
3250 FOR I-% TO 2

3260 FOR J=1 TO 2

3270 PRINT Matrx(I.J,Ellipse);” *;

%200 NEXT J

32%0 PRINT

3300 NEXT 1

3N0  suvamwD

3320 !

3330 ! ADD_COVARIANCE

3340 1

3350  SUB Add _coveriance(First,.Second,Susmer)

3360 ! Thu sudroutine can be used to add Summer=Firste+Second
3370 COM /Ellipses/ Matrx(2,2,%0),Xbar(20), Yoar(20),Major_axis(20),Minor_ax

13(20},Theta(20),Angle(20),Em1n_x(20),Emsx_x(20),Emtn_y(20) ,Emax_y(20)
3380 INTEGER I.J

3390 POR I\ TO 2

3800 FOR Jo' TV 2

kL] Matrx(1,J,Summer)sMatrx(I,J,First)+Matrx(I,J,Second)
3820 NEXT J

3IN30 NEXT I
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3840  SUBEND

w0 ¢

3486 | COMBINE_ELLIPSE

J8T0 ¢

34%)  SUB Combine_ellipse(Firat,Second,Combo)

3490 ! This routine finds the "JPL" combination of the First and Second
3500 1 ellipses.

3510 COM /Ellipoes/ Matrx(2,2,20),Xdar(20),Ybar(20).Major_axis(20),Minor ax
18(20), Theta(z0),Angle(20) ,Emin_x(20),Ezax_x{20),Emin_y(20),Emax_y(20)

3%20 REAL Sx1!,Sx2

3530 ! Calculate the new covariance matrix.

3540 Invert(First,First+20)

3550 Invert(Second,Second+20)

3560 Add_covariance(First+20,Second+20,Coabo+20)

3570 Invert(Combo+20,Coabo)

3580 ! Calculats the now mean point.

3590 SxieMatrx(1,1,First+20)®Xbar(First)+Matrx(1,2,First+20)*Ybar(First)
3600 Sx1eSx1eMatrx(1,1,Second+20)*Xoar(Second)+Matrx(1,2,Second+20) *1dar(Se
cond)

3610 Sx2eMatrx(2,1,F1rst+20)*Xbar(First)+Matrx(2,2, First+20)%Yvar(First)
3620 Sx2aSx2+Matrx(2,1,Second+20)*xbar(Second) +Matrx(2,2,Second+20) *Ybar(Se
eond)

3630 Ybar(Combo)=Matrx(1,1,Combo) *Sx1+Matrx(1,2,Combo) *Sx2

3640 oar(Coabo)=Matrx(2,1,Combo) *Sx) +Matrx(2,2,Combo) #Sx2

3650 SUBEMD

3660 1t

3670 !t DISP_EXTREMES

3680 !

3690 SUB Disp_extremes(Ellipse)

37120

! This routine displays the extrems x and y values for the spacified
! ellipse
COM /Ellipses/ Matrx(2,2,%0),Xbar(20),Yoar(20),Major_axis(20),Minor_ax

13(20),Theta(20),Angle(20),Emin_x(20),Emax x(20), EMn_y(ZO).M_y(ZO)

3730 PRINT "E¢ ";Ellipse;": °;

2780 PRINT "Xain ";Emin x(nupu);
3750 PRINT *; Xmax ";Emax . x(Ellipse);
3760 PRINT ": Yain *; t-mJ(Elllpu)-
370 PRINT ®; Ymax ";Emax_y(Ellipse)
3780 sueEND

3790 SUB Drav_ellipse(Ellipse,Xmin, Xaax,Yuin,Ymax,Prob_constant)

3800 ! This routine draws one (1) ellipss on the current plotter device.
3810 COM /Ellipses/ Matrx(2,2,%0),Xbar(20),Ybar(20), Major i axis(20), Minor_ax
15(20),Theta(20),Angle(20) ,Enin_x(20),Emax_x(20) um_y(m.snx_y(zo)

3820 INTEGER Sign

3830 REAL Xpoint,Upoint,¥point,Templ,Temp2,Tesp3,Tempd, Temp5

3840 GRAPHICS ON

3850 ! Drav top half of the ellipse

3860 Sign=1

3870 O03UB irsv_half

3880 ! Draw bottom half of the ellipse

3890 Signe-t

3900 GOSUB Draw_half

3910 t Finish up

3920 MOVE (Xbar(Ellipse)-Xmin)2100/(Xsax-Xmin),(Yoar(Ellipse)-Yain)®100/(Y»
ax-Ymin)

3930 : DRAW (Xbar(Ellipse)-Xmin}®*100/(Xmax-Xsin),(Yoar/Ellipse)=-YRin)®100/(Im
ax-Yain

3940 ! Okey, dckey, we're done here.

3950 SUBEXIT

3960 Drawv_half: ! Draw half of the ellipse

3970 ! 1If Sign=1, then draw top half; 1if Signe=1, then bottom half.

3980 POR YpointeEmin_x(K1lipse) TO Emax x(Ellipse) STEP .1

3990 GOSUB Drav_1_point

%000 NEXT Xpoint

8010 XpointeEmax x(Ellipse)

8020 GOSUB Draw T potnt
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2030
koaQ
2050
ho€o
8070
%080
%090
8100
L1RIY)

RETURN

1
! Compute each point and drav the new line. (It's here since we call
1 it twice

!

Drav_1_point: !

UpointeXpoint-XDar(Ellipse)
Tempi=Matrz(1,2,Ellipse~20)*Upoint
Temp2=Tenp! *Teapl-Matrx(2,2,E111pse+20)*(Matrx(1,7,E 11pae+20)*ypoint *

Upoint+Prob constant)

M20
M0
T
¥50
60
2170
80
190
4200
8210
%220
2230
a280
42%0
4260
270

IF Temp2¢<10~(~10) THEN Temp2=0
Ypointe(-Temp! +*Sign*SQR(Temp2) ) Matrx(2,2,E111pse+20)+Ybar(Ellipse)
IF Xpoint<=Esin_x(Ellipse)+.001 THEN

MOVE (Ypoint=-Xain)®100/(Xmax~Xxin),(Ypoint-Yein)®100/(Ymax-Yain)
ELSE

DRAAN (Xpoint=Yain)®100/(Xmax-Xmin),(Ypoint-Yain)*100/(Ymax-Ymin)
D IF
RETURN

SUBEND

[}

1 TEST

t

SUB Test(Pirst,Second,Vork,Test val)

! This routines calculates the acceptance test criteria for First and
1 Second. Work is used as a “scratchpad”.
COM /Ellipses/ Matrx(2,2.80),Xbar(20), Ybar(20),Major_axis(20),Minor_ax

13(20),Theta(20) ,Ang1e(20) ,Enin_x(20),Emax_x(20),Esin_y(20),Emax_y(20)

8280

4380
a390
8450
A60
a0

Add_covariance(First,Second,Work)

1nvert(Work,Worke20)

Diffx=Xbur(First)-Xbar{Second)
Diffy=Ybar(First)-Ydbar(Second)
TemplaMarrx(1,1,Work+20)*Difrx+Matrx(1,2,Worke20) DI y
Temp2=Matrx(2,1,Work+20)eDirfx+Matrx(2.2,Work+20)*Diffy
Tast_valeDirtx®Tespl +Diffy*Tecp2
SUB Sim ellipse

! Kllipse Compination Simulation Prograa

1 1716785 Upcats 7./18/85

t

! Spicily the common variables
’

COM /Ellipses’ Matrx(2,2,80),Xbar(20),Ybar(20),Mejor_axi3(20),Minor_axi

8(20),Theta(20),Angle(20) ,Emin_x(20),Emax x(20),Emin_y(20),Emax_y(20)

80
W90
8500
10
4520
4530
4560
570
¥80
590
4600
810
820
%30
4680
450
Ns2
8653
(137 ]
8655
8660
8670
8680

COM /Driver/ Jv8(2)
1 WVeriadle Definitions

]

INTECER Ellnum, Imat,Xmin,Xmax, Yain, Yeax
INTEGER Nobservations(2)

DIM 8x(2,10),Xs(5000),Y3{%5000)

Use of HATRX Arrsy

]
]
1
! RATRIX 1 is an initial mestrix

1 BAYRIX 2 19 an initial matrix

! MATRIX 3 s the theoretical combination of 8 and 9

| AATRIX & {3 the estimate of 8

! MATRIX 5 is ths estimmte of 9

! MATRIX 6 is the combination of ! and §

I MATRIX 7 is the sum of 3 and & (for test)

1 Bote that if the Trua Variance-Covariance 13 used i.astead of the
! the estimate, tais i3 equal to the sum of 8 and 9.

1 MATRIX 8 is MATRIX ' d.vided by sample size

! MATRIX 9 1s MATQIX 2 divided Dy sample size

t MATRIX 21-29 are the inversea of 1-9

1
!

Initialization
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8690
4700
AT10
8720
4730
a780
750
4760
aT70
4780
790
4800
810
4820
830
a3

M60
870
a880
4890
%00
910
4920
1930
9%
4950
4960
4970
4980
4990

5010
5020
5030
SCx0
5050

5070

5090
5100
5101
5110
s
5112
s
S114
115
s116
st
$118
5119
5120
s122
$230
5380
5350
$360
5310
538y
3390
3400
5810
S820
5830

1
GOSUB Init_subil
1
{ Main Prograa Loop
!
Main_loop: !
Clearacreen
PRINT *Ellipse Simulations”
PRINT
PRINT "Enter the Leiter of your choice:"
PRINT * (A) Reset the Random Mumber Seed"

PRINT * (B) Simulate uaing true Covariance Matrices”
PRINT * (C) Simulate using estisated Covariance Matrices®

PRINT * (D) Display Results on the Printer”
PRINT * (X) Exit Progras”
Get_option: 1
INPUT "Enter Your (hoice:",Mainchoice$
SELECT Mainchoice$
CASE "A",=a"
QOSUB Get seed
CASE "B","b%
Use_true=1
Sisulate
CASE *C","c"
Use true=0
cosle Simulate
CASE "D","d"
QOSUB Display_results
CASE "x*,"x"
GOTO End_sub?
CASE ELSE
PRINT CHRS(7)
QOTO Get_option
END SELECT
GO0TO Main loop

Utility Subroutines

Initialize Program

Init_subl: !
RANDOMIZE

Prob_constant=2#.0G(.05) 1 Confidencs level parameter

ror T=1 10 2
POR Jel TO 2
Matrx(1,J,8)=Metrx(1,J,1) 7008(1)
Matrx(I,J,9)eMatrx(1,J,2)/7008(2)
NEXT J
X7 1
oar(8)-Xdar(l)
oar(8)eYbar(1)
ar(9)=xvar(2)
Tbar(9)erbar(2)
1 Set parassters
RETURN
{
{ Generate the nev ellipses uaing randos observations
1
Generata new: |9¢0FLAGERS
roR Tmat-! 10 2
MN=Qbs{Imst)
! Cenerats the X and Y values
Xsum=0
Ysum=0
Co=SQR(Matrx(1,1,Imat))



s440 A=Sigma(1,2,Imat)/Cc

5450 Bee=SQR(Matrx(2,2,Imat)=~A%A)

5860 FOR Iet TO M

S&T0 Ul=RND

5480 U2=RXD

5490 X1=SQR(-2*LOG(U1) ) RSIN(2*PI®U2)

5%00 Y1=SQR(-2%LOG(U2) ) *COS(2*PI*U1)

5510 X8(1)=Co®X) +XDar(Imat)

$520 Ya(l)eatXt+BoetYl+Ybar(Imat)

5530 Xsum=Xsum*Xs(I)

5540 Ysun=YsumeYs(l)

$550 NEXT I

5560 Xbar(Iaat+3)eXsua/M

5570 Yoar(Isat+3)=Ysum/M

5580 1 Caloculate the variances

5590 Matrz(1,1,Inat+3)=0

%600 Matrx(2,2,Imat+3)=0

5510 Matrx(1,2,Imat+3)=0

5620 FOR I=1 TO M

5630 Matrx(1,1,Isate3)eMatrx(1,1,Inat+3)+(Xs(I)-Xbar(Izat+3))*(Xs(1)-Xba
r{Imat<3))

5640 Matrx(2,2,Isat+3)eMatrx(2,2,Imat+3)+(Ys(I)~Ybar{Inat+3))*(Ys(I)-Yba
r(lsat+3))

%650 Matrx(1,2,Isat+3)=Matrx(1,2,Inat+3)+(Xs(I)~Xdar(Imat+3))*(Ys(I)-Yda
r(Imat+3))

5660 NEXT I

5670 Matrx(1,1,Imate3)eMatrx(1,1,Inat+3)/((M-1)M)

5680 Matrx(2,2,Imat*3)=Matrx(2,2,Imat+3)/((M-1)*M)

5690 Matrx(1,2,Imat*3)=Matrx(1,2,Imat+3)/((M=1)"M)

$700 Matrx(2,1, Imat+3)eMatrx(1,2,Inat+3)

$7'0 NEXT Imat

$720 RETURN ! Generate_new

5730 |

5780 ! Generate the inverses of our matrices

5750 ]

S760 Gen_inversas: |

5830 Patchl: !

s8%0 IF Use_true=0 THEN Patch2

%850 !t To use the true matrices, copy thee froa 8 and 9 into 4 and §
5860 TOR Imat=8 TO 9

%870 FOR I=1 TO 2

%5880 FOR Je?! TO 2

”90 mm(lu’.ll‘t")'ﬂ"m(I'th-t)

5900 NEXT J

5910 SEXT 1

5920 NEXT Imat

5930 Patch2: 1

6151 Comdine_sllipse(8,9,3)

6152 Combine ellipse(¥,5,6)

6170 RETURN | Gen_inverses

6430 1 !
6480 1 Prograa Sudbroutines !
6450 1 1
6460 !

6470 ! GET SEED (Menu Menu Choice "C%)

6480 !

6490 Get_seed: !

6500 Clearscreen

6510 PRINT “"ENTER A SEED (1 to 2°31-2): “;

6520 INPUT Seed

6530 Seed$~VALS(Seeqd"

6540 PRINT Seed$

6550 RANDOMIZE Seed

6560 PRINT

5570 Pauseadit

6580 RETURN
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6600 1 SIHMULATE

6610 1

6620 Simulate: !

6630 Clearscreen

6640 PRINT TABXY(1,17);mevssnsssensses HOW MANY SIMULATIONS O YOU WISH TC R
UN? *;

6650 INPUT Nsimulatfons

6660 PRINT ksimulations

6670 N_accept~0

6680 N _rejecteQ

6690 Anotini=0

67¢C0 Anotin2«0

6710 Anotinbe0

6720 Rnotint=0

6730 Rno*? in2=0

6750 Rnotinbe0

5750 Pauseadit

6760 Ciearscreen

6770 PRINT TABXY(5,3);"NUMBER OF SIMULATIONS= O%

6'.'80 PRINT Tlm(s..)'lQ.ll.l!llQIQ.II.Q..I..II..II

6790 PRINT TABXY(S,5);®ACCEPTED ERROR ELLIPSES=- O®

6800 PRINT TABXY(S5,6);"REJECTED ERROR ELLIPSESe O©

6810 PRINT TABXY(5,9);"ACCEPTED BREAKOUT™

6820 PRINT TABXY(5,10);"Target One {s NOT in Combined Ellipse= 0"
6830 PRINT TABYY(5,11);"Targe- Two is NOT in Combined Ellipse=- O"
684 PRINT TABXY(S,12);:"Neit :r Target {8 in Combined Ellipse= 0"
685, PRINT TABXY(S,14);"REJE 'ED BREAKOUT"

6860 PRINT TABXY(5,15);"Target One i3 NOT i{n Combined Ellipse= Q"
6870¢ PRINT TABXJ(5,16);"Target Two is NOT in Combired Filipsee G"
6880 PRINT TABXY(S5,17);"Neither Target is in Comb‘'ued El]ipse= O"
6890 FOR Isime! TO Nsimulations

6900 GOSUB Generate_new

6910 COSUB Gen_inverses

6940 Gne_in=Matrx(1,1,26)*(Xbar(t, -Xbar(8)) 2-Matrx(2,2,26}  Ybar(6)-Ybar(
8))"2

6550 One_in=One_{n+2*Matrx(1,2,26)*(Xpar(6)-xvar(8))*(Ybar(6)-Ybar(8))
6960 Two 1n-Hntrx(1 1 26)'(Xblr(6)-)(blr(9)) 2+Matrx(2,2,26)*(Ybar(6)-Yeoar(
9))°2

6970 Two_{neTwo_{n+2*Matrx(1,2,26)*(Xar(6)=-Xpar(9))*(Ybar(6)-Ybar(?))
6971 Test(4,5,7,Test2)

6980 !

6990 t

7000 PRINT TABXY(28,3);lsim

7010 IF Test2<-Prob_constant THEN

7020 ! Accept as 3ame

7030 N accepts=N accept+!

7Ch0 PRryr TABXY(30,5) ;M _accept

T050 IF One_in>=Prod_t constant THEN

7060 Anot InteAnotini+1

7070 PRINT TABXY(%4,10);Anotint

7080 END IF

7090 IF Two_in>-Prob_constant THENM

T10Q Anotin2eAnctin2et

7110 PRINT TABXY(AMN 11);:Anotin2

a0 END IF

7132 IF One_{n>-Prob_constant AND Two_in>-Prob_constant THEN
7180 AnotindeaAnotinbel

7150 PRINT TABXY(d4 12);Anotind

7160 END IF

n710 ELSE

7180 N rejecteN rejectet

7190 PRINT TABXY(30,6):N_reject

7200 IF One in>-Prob constant THEN

7210 Rnot{nt=Rnotinle+!

T220 PRINT TABXY(A4 15, Rnotin!?
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7230 END IF

7240 IF Two in>-Prob constant THEN

7259 RnotTn2=Rnotin2+1

7260 PRINT TABXY(44,16):Rnotin2

170 END iF

7280 IF One_in>~Prob_constant AND Two_in>-Prob_constant THEN
7290 Rnotint=Rnotinbe1

7300 PRINT TABXY(4%,17);Rnotinbd

730 ENC IF

7320 END IF

7330 NEXT Iaim
7340 PRINT TABXY(5,19);:"®#8 SIMULATION COMPLETE #a#w.

T34 BEEP

73482 BEEP

7343 BEEP

7344 BEEP

7350 Pauseadit
7360 RETURN

7370 !

7380 !t Display results
7390 1

7800 Display_results:!
T80 Clearscreen

7420 PRINTER IS 9;WIDTH 132

7821 PRINT

7"22 PRINT NERREBRE RN R RN LB RN BN _ SRR RSN ARG RRR NN RGN RR RN
T423 PRINT

T423 PRINT

7430 PRINT "Results: “;

Th40 IF Ua. trueet THEN

7450 PRINT "Using TRUE Covariance Matrices"
7560 ELSE
7470 PRINT "Using ESTIMATED Covariance Matrices”

T480 END IF
7890 PRINT

7491 FOR Imatet! TO 2

7492 PRINT "Base Distribution #";Imat

T493 PRINT "Mean: (";Xbar(Imat);", ";Yvar(Imat);");"

T494 PRINT "Observations: ";Obs(Imat)

T495 PRINT "Covariance Matrix:"

7496 PRINT "* ":Macrx(1,7,Imat):™ w.Matrx{1,2,Imac);® *
T497 PRINT "% ";Matrx(2,:,Imat);" »:Matrx(2,2,Imat);" &"
7498 PRINT

7499 NEXT Imat
7500 FOR Imat=d TO S

7501 PRINT "Ellipse #";:Imat-3

7502 TRINT "Mean: (“;Xdar(Imat);"™, *;Yvar(Imat);*);"

7504 PRINT "Covariance Matrix:"

7505 PRINT *® ®;Matrx(1,1,Imat):" w:Matrx{1,2,Imst);" o
7506 PRINT *% ®;Macrx(2,!,Imat);" *:Matrx(2,2,Inat) ;" #*
7507 PRINT

7508 AEXT Imat
7590 PRINT "Last Combined Elllpoe:™
7600 FRINT “Mean: (":Xvar{6):%, ";Yoar(6);");"

7610 PRINT "Covariance Matrix:"
7620 PRINT *® ~;Matrx(1,1,5);" w.Matrx(1,2,6);" #°
71630 PRINT & »;Matrx(2,1,6);" " .Matrx(2,2,6);" "

7640 PRINT
7650 PRINT "Sirslation Resdults:"

7660 PRINT "2 of simulations: ";Nsisulations

7661 PRIMT

Twe 2 PRINT » Totals; % cf Total; % of Category"
7670 PRINT “Accepted: ";N_accept;" ":100'N_lccept/Naiuululons
7680 PRINT * Target 1 NOT in: ";Anotini;

7681 PRINT ®  ¢;100%anotini/Nsimulations "  ";100%A;0tinl/N_sccept

76590 PRINT " Target 2 NOT in: ®;Anotin2;

B~11



S Y. p

7691

PRINT * ®.100*Anotin2/Najmulations;" ®;100%Anot in2/N_accept

7700 PRINT " Neither one in: “;Anotinb;

1701 PRINT "  ";100®Anotinb/Nsimulations;® ®;100®Anotinb/N_accept
1710 PRINT "Rejected: ®:N reject;™ *;100%N reject/Nsimulaticns
7120 PRINT " Target 1 NOT {n: ";Rnotinl; -

T PRINT ™  ";100%Rnotini/Nsimulations;™ 7;100%Rnotini1/N_reject
7730 9;INT * Target 2 NOT in: ":Rnotin2;

7N SRINT ® *;100*Rnotin2/Nsimulations;" "™;i00%Rnotin2/N reject
7740 PRINT " Neither one in: ";Rnotind

TT41 PRINT "  ";100®Rnotinb/Nsimulations;™ *;100%Rnotinb/N_reject
TIS0 PRINT

T PRINT

7753 PRINT CHR$(12)

T760 SRINTER IS 1;WIDTH 80

7770 RETURN

7780 End_sub1:!

T790 SUBEND

7800 SUB Power_sllipse

7810 ! Target Ellipse Chi-square Test Power Calculation

7820 ! Specify common variables

To30 COM /Ellipses/ Matrx(2,2,40),Xbar(20), Ybar(20) .H&Jor_uia(zo).ninor_ux
(20),Theta(20),Angle(20),Enin_x(20),Erax_x(20),Emin_y(20),Emax_y(20)
T340 COM /Driver/ Obs(2)

7850 ! Variable Definition

7870  DIM New _mat(2,2,2),Delta(2)

7880 DIM Table(62,2)

7900 ! Initialize Program

7910 GOSUB Init_sub2

7920 1 HMENU LOOP

7930 Menu_loop: !

7940 Clear_screen

7950 GOSU® Powar_stuff

7960 SUBEXIT

7970 !

7980 { INITIALIZE THE PROGRAM

7990 !

8000 Init_sub2: !

8010 Prob_constant=2#L0G(.05)

8020 ! Load in the Power Table

8C20 RESTORE Power data

8r 4o FOR I=1 TO 62

8650 FOR Je1 TO 2

8060 READ Table(I,J)

8070 NEXT J

8o8o WEXT I

8170 RETURN

8180 1

819¢ { Power calculatior.s: find the non-centrality paramstar, Lambda,
8200 ! to use with the tables.

8210 !

8220 Power_stuff:!

8230 PRINT "Power Calculztions: Non-centrality Parame.er"

8240 PRINT

8250 FOR Iet TU 2

8260 FOR Je1 TO 2

8270 Powsr mat(T,J,))=Matrx{1,J,1)/00a()+Matrx(1,J,2)/008(2)
8280 NEXT J ~

8290 NEXT I

83n0 '2ompute inverass of power mat

2310 Dat=Power_mat(1,1,1)#Power mai(2,2,1)-Power mat(1,2,1)*Pover mat(1,2,1)
8320 Power mat(1,1,2)-Pover_mat(2,2,1)/Det

8330 Power mat(2,2,2)ePower_mat(l,1,! ) /Det

8340 Powar_mat(1,2,2)=-Power mat(1,2,1)/Det

8350 Power mat{2,1,2)=-Power_mat(2,1,1)/Det

8360 PRINT "Enter the differences in the Msan components:"

8370 PRINT
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. I

83to
8390
8400
8410
8420
8L30
8440
8450
8460
8470
8480
8490
8500
8s51¢c
8520
8530
8540
8550
8560
8-70
8580
8590
8600
86t0
8620
8630
8640
8650
8660
8670
8680
8690
8700
87110
8720
8730
8740
8750
8760
8770
8780
8790
8800
8810
8820
8830
8840
8850
8860
8870
8880
8890
8900
8910
8920
8930
8940
8950
8960
8970
8980
R950
9000
9010
9020
9030

PRINT "Mean differs.ce along the X axis: ™;
INPUT "X Difference:",Delta(i)
PRINT Delta(1)
PRINT "Mean difference along the Y axis: ";
INPUT "Y Difference:™,Delta(2)
PRINT Delta(2)
! Calculate paraueters
Lambda=0
FOR I=1 TO 2
FOR J=1 TO 2
Lambda«Lambda+Power_mat(I,J,2)"Delta(I)*Delta(J)
JEXT J
NEXT I
PRINT "Lac ia = ";Lambda
PRINT
! Get Linear Interpolation Result
COSUB Llnear_jinterp
PRINT "Linear Power: ";Li_power
! Get Lagrange Interpolation Result
GOSUB Lagrange interp
PPINT “Lagrange Power: ";La_power
Pauseadb it
IF Delta(1)<>0 OR Deltat2)<>0 THEN £36"
RETURN
1
! Linear Interpolation
!
Linear interp: !
! Find Bounding Values
Searcha=1
IF Lambda>=39 THEN
Li powersi
R RN
END IF
WHILE Lambda>Table(Search,1)
Searchs=Scarch+t
END WHILE
IF Lambda=Tabla(Search,!) THEN
Li_powersTable(Search,2)
RETURN
END IF
Lambda_h=Table{Search,1)
Lambda_l=Table(Search-~1,1)
Power_h=Table(Search,2)
Power_l=Table(Search-1,2)
IF Power hePower 1 THEN
Li_powerePower_h
RETURN
END IF
Poweri=Power h*(Lambda-Lambda_l)’’ ..oda_h-Lambda 1)
Power2ePower_l*(Lambda_h-Lambda,/{Lambda_h-~Lambda .}
LL_power=Pover1+Power2
RETURN
! Lagrange Interpolation
Lagrange interp: 1
Searchs=1
IF Lembdad>=39 THEN
La powerel
RETURN
END IF
WHILE Lambda>Table(Search,1)
Searchs=Search+1
END WHILE
iF LambdasTable(Search,!) THEN
La power~Table(Search,2)
R RN
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IV

904G
9050
9060
9070
9080
9090
9100
9110
9120
9130
91.0
9150
9160
917V
9180
9190
9200
9210
9220
9230
92k0
§e50
9260
9270
3280
9290
9300
9310
9370
9330
9340
9350
9360
9370
3380
9390
9100
9410
9420
9430
9LL0
9u50
9u6n
9470
9480
9490
9500
9513
3520
9530
9540
9550
9560
9570
9580
9590
960
9610
9620
9630
9640
9650
9€60
9670
9680
9690

END IF
Suma. r=0
FOR I=Search-3 TC Search+2
Prod=Table(I,2)
FOR JeSearch=3 TO Search+2
IF JOTI THEN
ProdeProds{Lambda-Table(J,1))/ [able(I,1)-Tadle(d,i))
END IF
NEXT J
Sumper=Surwer +Prod
NEXT 1
La_powers! mper
RETURN
IChi-square(2) Powar Table, 1st column i{S non-cenirailtly parameter,
12nd 1s power. 0.05 significance label. Irom Selected Tables in
{Mathematical Statistiecs, Volume 1.
Power_daia: !
DATA .0,.05
DATA .1,.0576
DATA .2,.0653
DATAx .3,.0733
DATA .4,.0814
DATA .5,.0896
DATA .6,.0930
DATA .7,.1065
DATA .8,.1151
DATA .9,.1239
DATA 1,.1327
OITA 1.2,.1507
DATA 1.4,.1691
DATA 1.6,.1877
DATA 1.8,.2065
DATA 2.0,.2255
DATA 2.2,.2847
DATA 2.4,.2639
DATA 2.6,.2831
DATA 2.8,.3024
DATA 3.0,.3215
DATA 3.5,.3590
DATA 4, .4154
DATA 4.5,.4604
DATA 5,.5037
DATA 6,.5840
DATA 7,.6554
DATA 8,.7176
DATA 9..7707
CATA 10,.8154
DATA 11 .B526
DATA 12,.8832
CATA 13,.9080
DATA 14,.9280
DATA 15,.9440
DATA 16,.9567
DATA 17,.9667
CATA 18,.9745
CATA 19,.9805
DATA 20,.9852
DATA 21,.9888
DATA 22,.9916
DATA 23,.9937
NATA 24,.9953
DATA 25,.9965
DATA 26,.9974
DATA 27,.996!
DATA 28,.9986
DATA 29..2984



'l

9700
9710
9720
9739
9730
9750
$760
9770
9780
a7%0
9802
9810
9820
9830
93%0

PR AT TR N N M W VN A

35..9992
31,.999%
32,.9996
33..9997
3%,.9998
35..9998
36,.9999
37..99%9
38,.9999
39,1.0000
80,1.G000
%1,1.0000

DATA 4.2,1.0000
End_sub2: t
SUBEMD
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C. ELLIPSTUFF: Ellipse Routine Library

Ellipstuff is an "ellipse routine librarv," which contains a large number of
routines to make working with ellipses easier. As such, both Genellipse and
Eilsim contain all of these routines, but they are also listed separately.
If more programs need to be written, these are the routines to build them
wita.
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HE
o

1030

T

1070
1080
1090
1100
1110
1122
1130
1180
1150
1160
1170
1180
1156
1200
1210
1220
1230
1280
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1800
1810
1820
1830
1431
1832
133
1438

1
t
1
t
1
i
!
!
!
H
t
!
!
!
!
!
1
t
1
!
H
t
!
t
1
!
t
!
t
v
!
!
!
t
!
!
!
1
!
!
!
t
1
!
!
!
!

TEST PROGRAM FOR ELLIPSE ROUTINE LIBRARY

LIBRARY SUBAOUTINES BECIN OM LIXE 1000.

THIS TEST PROGRAM GETS AN ELLIPSE FROH THE USER AXD DISPLAYS IT O
TRE SCREXN.

Prob_constant=2L0G(.05)
Get_ell mean(1)
Get covariance(l)
Get axes(1)
Invert(1,21)
Gat_bounda(1,Prod_constant)
Choose_plottar
ﬁ'lh_.].llp..(l .ﬁ.so.ﬁ.”.m_mmt)
sToP
2 )
ELLIPSE ROUTINE LIBRARY....
This file contains standard ellipse routines and data variatles,
includirg the following:
- Entry of ellipses by covariance ma%rices.
gntry of ellipses Dy axes and orientation.
D :play of sllipses on screen and plotter.
2x2 Marrix inversion routine ‘or use with Hatrz.
Matrx, sn array vhich stores ovaris-.es matrices and their
iaverses (uwp to |0 matrices .
Axss/orientation to Covariscce matrix coaversion routine.

USING MATRX

Matrx is designed to hold covariance mstrices and their inversas

for 10 ellipses. In ganeral, Matrx(1)...Matrx(20) are the covariance
mtrices and Matrx(21)...Matrx(i0) are the corresponding inverses.
This i3 the convention assumed by & nuamber of thess routinea.

In cases vhere the  nverse {s calculate first, put ‘n Mactrx(25), say,
and then oall Inverti{2S, S). This vill put the covariance matrix in
matri(S).

THE ROUTINES ARE CALLED AS FOLLOWS:

!nvu't(Sl'O‘.Nit)
This command will invert the covariance matrix in Matrx(Srce) and
put the result tn Matrx(Dest)

Get_BoundsiEllipse,Prod_constant)
This command will get the extreme points of the ellipse. Nots that
the ellipse's covariance watrix sust have been inverted.

Drav_Ellipse(Ellipse,Xmin,Zmax,Ysin, Ymax,Prob_constant)
This will drav the given ellipse. The remaining variadles derine
the screen. lote that Get_dounds must have been executed.

Get_Ell Mean(Ellipse)
This is an input routine to read in Ybar and Ybar for the given
ellipee.

Get Covariance(ECllipse)
This (s an toput routine to read {n the covariance matrix for the
given ellipse.

Get Axes(Ellipse)
This 1» an input routine which reads in the axes and orientaiion
of the ellipse, and converts this to covariance matrix fors.

Choose_Plotter
This prowmpts the user tc draw the ellipse or the plotter or the
screen.

Display_Cov(Ellipse)
This commend displays the given covariance matrix.

Tast(Ellipse!,El11pse2,Work, Test Stat)
This calculates the acceptance test criteria Tor the two elliipsss.
Work {8 & Matrx entry used as warking space.

AMd Covariance(Eiliorel.El11103¢2.Summer)



n

1838
1836
137
1838
1439
1881
1480
1860
1870
1880
1490
1500

This aads nny tuu r-‘—. satries {nto a third Metrx entry.
Cosbine Kllipse(Ellipse!,Ellipsel,Cowho)

This comdines any two Matrx entires into a third Matrx entry.
Disp Extreses(fllipase)

This displays the extrems X and Y bounds for the ellipse.
Also included are Pauseabit and Clearscreen.

S8 Invort(Srce,Deat)
I This routine inverts any covariance satrix in Matrx and places
! the inverted matrix ian Jest.
COM /Kllipses/ Matrx(2,2, Q] ,Xbar(20),Ydar(20) . Major_axis(20),.Minor_ax

12(20),Theta(20).Angle(20) ,Eain x(20),Emax _x(20),Eain_y(20), Imax_y(20)

1510
1520
1530
1580
1550
1560
1600
1610

1620

Det=tatrx(l,1,Srce)"Matrx(2,2,Srce)-Matrx(1,2,5rce) *Matrx(1,.2,5rce)
Matrx(l,1,Dest)eigtrz(2,2,5rce) /Dot
Matrz(2,2,Dest)eMatrx(1,1,5 ce)/Det
Matrx(1,2,Dest)e~Matrx(1,2,5rce) /Det
matrx(2,1,Dest)e=tatrx(2,1,5rce) /Det

SUBEND ! End of SUB Invert

$UB Get bounds{[llipes,Prob ocoanstant)
1 1his subroutine calculates the X and Y limits for the given ellipse

COM /Ellipses/ Matrx(2,2,80),Xbar(20),Yar(20),Major_axis(20),Minor_ax

18(20), Theta(20),Angle(20),Eain_x{20),Emax_x(20),Emin_y(20),.Ewax_y(20)

1630
1650
1660

REAL Temp!,Tesp2,Temp],Teapd, Tanps
Tonp1-Matrx(2,2,L111p9e+20)%Frc._constant
Temp2=2atrx(1,2,5111pse+20)"Matrx(1,2,E}1ipas~20)-Matrx(®,1.E11ip >0

)*"macrx(2,2,E111pse+20)

1670
1680
1690
1700
1710
1720
1730
1780
1780
1790
1791
1800
1810
1820
H

1830
1840
18%0
1860
1872
1480
18%0
1891
1892
1893
189%
189%
1896
1898
1899
1900
1910
1920
1930
19%0
1941
1982
1943

Tomp3=(Temp! /Temp2)“(.5)
TempleMatrx(1,1,0111p9¢+20)*Prod_corstant
TompS5=(Tumpd/Tecp2) “(.5)
Emin_y(Eilipse)=-Teap5+Ydar(Ellipse)
Emax y(Ellipse)-Tecp5+Yvar(Ellipse;
fain_x(£111pse)=-Temp3+Xbar(Ellipse)
Esax x(mzpa)-hwsow(nupn)
SUBEND "1 End of GET_BOUNDS
SUB Choose_plotter
! Subroutine to choose the desired plotter device (also contained
1 in GRAPHER).
REPEAT
Go one~1
DISP "Do you want to (D)raw, {(E)rase, Plot with Pen (0), (1), (2)2"

LINPUT Message$
SELECT Mesaage$
CASE *L","d*
PLOTTER 1S 3,"INTERNAL"
GRAPHICS OM
Y Y
Go on=1
CASE ¥oe
PLOTTER IS TOS,"HPGL"
GRAPHICS OM
PEN C
PLOTTER IS 3,"INTERNAL®
GRAPHICS ON
PEN 1
Go un=1
CASE Wi
PLOTTER IS TOS5,"HPGL"
GRAPHICS ON
PEN 1
Go_on=1
CASE "2*
PLOTTER IS 705."HPGL"
GRAPHICS ON



o

193 rPEx 2

1945 G0 on=t

1950 CASE W, ve*

1960 PLOTTIR IS 3,"INTERNAL®

1970 GRAPHICS ON

1980 ey -1

1€°90 @_m-l

2000 CASE ELST

2010 PRINT CHRS(T)

2020 END SILECT

2030 WrIL Go_onet

2080 SUBEND

2080 3UB Get e¢ll msan(”.1lipse)

2090 1 ™mis subrouiines prompts the user for the mesn Of ar eliipse.
2100 CON /Kllipgng/ Matrx(2,2,80) . Xbar(20),Yoar(20),Major_ax1s(20),Minor_ax

13(20),Theta(20),Angle{20) ,Buin_x(20),Rmax x(zo).mn_y(zo).:-x_;(zox
210 Clearscreen

2120 PRINT TABXY(1,10);"WHAT IS X~-8AR for ELLIPSE ";Ll1ipse;:”?";

2130 INPUT Xdar(Ellisse)

2780 PRINT Dar{(Ellipss)

2150 PRINT TABXY(1,11):"WHAT IS Y~BAR for ELLIPSE ";Kl1lipse;"?";

2150 INNUT Toar(EKllipss)

2170 PRINT Yoar(Ellipee)

2180 Pausesbit

2190 SUMRD

2230 SUB Get covariance(Ellipse)

2240 1 This routine gets the covariance mstrix for sn ellipse

250 COM /Ellipses/ Matrx(2,2,%0),Xpar(20),bar(20) ,Major_ax1s(20),Minor_ax
13(27) , Theta(20) ,Angle(20),Lain_x(20),Emax_x(20),Cain_y(20),Fuax_y{(20)

2260 Clesrscreen

hr g0} FOR K=1 TO 2

2280 PRINT TABXY(!,3+K+6);"ENTER ELEMENT (*":K:",";K:®) IN THE COVARIAKE
MATRIX POR ELLIPSE#*:Ellipee;:™: ";

2290 INPUT Mat x{x.K,Ellipse)

2300 PRINT Katrx(X.K,Ellipse)

2310 WEXT K

2320 PRINT TABXY(1.3+9);"ENTER ELEMENT (1,2) IN THE COVARIANCE MATRIX FOR E
LEMENT#®;I;%: *;

2330 INPUT Matrx(1,2,E11ipse)

2380 Matrx(2,1,E111p0e)aMatrx(1,2,E111poe)

2350 PRINT ¥ rx(1,2,Ellipse)

2360 Paugeal it

2370 SuUERND

2810  SUB Pausasbit

2820 1 Pause and wait for a carriage return

2830 DISP "Type ENTER to continue...";

2880 INPUT Garbdage$

2850 SUBEND

2860 $UB Clearscreen

2870 1 Ciear ths screen

2880 PRIRT QER$(12)

2890 sUsEWD

2530 SUB Get axes(Illipse)

W ! ™is subroutine gets an ellipse in terms of the axes and the
2550 ! angle of orientation. These are converted into a covariance
2560 ! -tru.

2570 COM /Eilipses/ Matrx(2,2,%0),X>ar(20),Ybar(20),Major_axis(20),Minor ax

13(20) , Theta(20),Ang1e(20),Emin x(20) ,Emax_x(20),Esin_y(20),Emax_y(20)
2580 Pred_constant=2°L0G(.05)

2590 C.earscreen

2600 PRINT "WHAT IS THE RADIUS OF THE MAJOR AXIS OF ELLIPSE ";Ellipse;” : *
3

2610 INPUT Major_axis(Ellipse’

2620 PRINT Major i "axX18tcisipoe)

2630 PRINT “WHAT IS TME RADIUS OF THE MIMOR AXIS OF ELLIPSE ";Ellipse;” : *

c-4



26%0 INPUT Minor axis(D’1lipse)

2650 PRINT Minor sxis(Elllpse)

2660 PRINT “WNAT IS TME ANGLE (IN DECREES) OF THE MAJOR AXIS OF ELLIPSE ;&
llipse:® : *;

2670 INPUT Angle(Illipae)

2680 PRINT Angle(Ellipse)

2690 ! Convert to Covariance Matrix

2700 Theta(Ellipse)=PI%angle(Kkllipae) /180

2no Matrx(1,1,0111pse)=(Mjor axis(Ellipse)*COS(Theta(Ellipas))) “2+(Minor_
axis(E111pse] *SIN(Theta(E111pee))) -3

2120 Matrz(2,2,E11ipse)=(Major axis(Ellipse)*SIN(Theta(Ellipse)))“2¢(Minor_
ax1s(E111pse)*COS(Theta(E111pse))) -3

2130 Matrz(2,1,E11 980)e((Major_axis(Kllipse))“2-(Minor_sxis(Ellipee))“2)*C
OS(Theta(RLilipse))*SIN{Theta(Kllipse]))

2180 Matrx(!,2,K111p0e)=atrx(2,1,K111pse)

21%0 FOR J=1 10 2

2160 FOR K=V T0 2

o Matrx(J,K.Ellipse)=Matrx(J K. E111ipse)/(-Prod_comstant)

1% BEXT K

2790 =T J

2800 PRINT

2810 Pausesdit

2620 sUBEND

2060 SUL Display_oov(Ellipse)

2870 ! Displays the covariance satrix for sn ellipse

283¢ CM /Tllipess/ Matrxz(2,2,%0),Xbar(20),har(20 ,Major_axia(20) ,Minor_ax
12(20) . Theta(20;,Angle(20) .Emin_x(20),Cmex_x(20).Emin_y(20). m_y(tﬂ)

2890 FOR -1 TO 2

2900 POR Jet TO 2

2910 PRINT Matrx(l,J,Ellipse);® *;

2920 Xt J

230 PRINT

2940 NEXT I

295¢  SUBEND

2990 SUB Add covarisnoe(First.Second,Summer)

3000 ! This subroutine can be used to add SummereFirste+Second

010 COM /Kllipses/ Matrx(2,2,%0),Xber(20).Toar(20),Major_axis(20) ,Mnor_ax
13(20),Theta(20) ,Angle(20) . Enin_x(20),Rmsx_x(20),Cmin y(20),Emax_y(20)

3020 INTECGER I,J

3030 FOR I=t TO 2

YN FOR Je! TO 2

3050 matrx(l,J.Summer)=Matrx(1,J,First)sMatrz(:,J,Second)

3060 WEXT J

3070 NEXT I

3080 SUsOND

3120 SUB .usdine olltp.('lﬂt.w Combdo)

3130 ! This routine finds the "JPL® vosbination of the First and Second
3180 ! ellipses.

3150 CON /T1lipses/ Matrx(2,2,30),Xbar(20),Tber(20) . Major_axis(20) ,Minor_ax
13(20),Theta(20),Angle(20) ,Lain x(20),Tmax ﬂlﬁ).m_y(ZO).hx_y(Zo)

3160 REAL Sx1,5x2

3170 ! Calculate the new covariance matrix.

1180 Invert(First, . First+20)

3190 Invert(Secons, 300w :20)

3200 Add_covariance(Firgt+20,Second+20,Combo+20)

3210 1avert{ Combo+20,Condo)

3220 ! Czloulate the nev msan point.

3230 SxlaMatrx(),1,First«20)*Xbar(First)sMatrx(1,2, First+20)*dar(First)
3200 $x1=8xi +Matra(1,1,3econd+20) *Xbar(Second) +Matrz(1,2,Second+20)*Ybar(Se
cond)

3250 Sx2-Matrx(2,1,First+20)°Xdar(First)-Matrz(2,2,First+20)*Yoar(First)
3260 Sx2-8x2+Matrx(2,1,50c0nd*20) *Xbar(3econd ) «Matrx(2,2,3econd+2y ) *Yoar(Se
cond)

3210 Xbar({Combo)=Matrx(1,1,Combo)*Sx1 sMatrx(1,2,Combo) *Sx2

3280 Yoar(Combo)=Matrx(2,1,Comdo)*Sx1 +Hatrz(2,2,Comdo)*3x2

3290 SUBEXD

Cc-5
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333C  SUB Disp_extremss(Klliose)

3330 ! This routine displays the extress x and y values for the specified
3% ! ellipse

3360 CoM /Rllipass/ Matrx(2,2,8%0),.Xber(20), Yoar(20) .M jor_sxis(20) .Minor_ax
13(20),Theta(20),Ang1e(20) ,Enin_2(20),Emex_x(20),Emin_y(20),tmex_y(20)

3370 PRINT *E0 ";Dllipse;®:

3380 PRINT “Xain “;Dmin_x(Kllipre);

33% PRINT *; xmax ":;Deax_x(Ellipss):

3300 PRINT *; Ymin ":kmin y(Ellipse);

0 PRINT °; Ymsx *;Zsax_y(Ellipse)

3220 sUMND

38330 SUB Oraw_ellipse(Ellipse,Xmin,Rmax,Ymin,Imax,Prod_coastant)

30 1 This routine @érave one (1) ellipse on the curreat plottar device.
nso COM /Kllipsse/ Matrx(2,2,80),Xbar(20), Yoar(20),Major_axis(20) .Minor_ax

18(20),.Theta(20),.Angle(20),Eair_x(20) ,Emax_x(20) Emin y(20),.Emax_y(20)
3860 nnnn Sign

710 &SAL Xpotiat,Upoint,Tpoint,Teapl,Teup,Temp3, Teaph, Teaps

3a80 OGet_tounds(Ellipes)

3090 Invert(Ell1ipse.L111pse+20)

3500 GRAPNICS On

3510 { Drevw top hslf of the ellipm

3520 signe=1

3s30 COSUS Draw_half

3580 ! Drem bottci half of the ellipse

3350 Signe-1

3560 208U8 Drew_half

3570 ! Finish up

3580 MOVE (Xder(Ellipse)-Xmin)®*100/(Xmax-Xmin),(Toar(Lllipse)-Yrin)*100/(3a
ax-Yasin)

3590 DRA¥ (Xber(Ellipse)-Xmin)®100/(Xmaxz-Xmin),(ar(Ellipae)-Yain)*100/(a
ax~-Ymin)

3600 ! Okey, dokey, we're done here.

3610 SUSEXIT

3620 Drav_half: 1t Draw half of the ellipse

3630 1 If Signel, then drawv top half; 1if Sign=1, then bottom half.

3640 FOR Xpointe-imin x(nllpa) T0 Pmax x(nupn; STTP Y

3650 QOSUS Draw_!_point

2560 WEXT Xpoint

3670 Ipoint=fmax xii.lipee)

3680 QOSUS Orawv_!_point

3690 RETURN

3100 t

mo ! Compute each point and draw the new line. (It's here since we call
3120 I 1t tuice

3130 !

3780 Drav_1_point: !

37150 OpointeXpoint-Xdar(Illipse)

3760 Templ=Matrx(1,2,k111pas~20)*Upoint

3rro Tomp2-=Tenp ! *Toap 1 -Matrx(2,2,8111pse+20)*(Matrx(1,1,E111pse~20)*Upoint *

UpointeProdb conatast)
780 1F Temp2<10°(-10) TREN Temp2~0

T9%0 Ypointe(-Tempt! +Sign®*I0R(Temp) ) Matrx(2,2,L1) 1pne+20)+Yoar(Ellipsu)
3800 IF Xpoint(-Bmin x{Ellipse)+.00! THEN
380 WOVE (Xpoint=Xmin)*100/(Xnax-Xmin),(¥point-Yaia}2100/(max-Yain)
3820 [ K- 4
B30 DRAN (Xpoint-Xmin)*100/{Xmax-Xain),(Ypoint-Yuin) '100/( Ymex-Yain)
3820 o 1Ir
3850 RETURN
3860 SUBEND
3900 SUB Test!First,Seccand,Vorx,Tesc val)
3910 ! This routines caloulates the acceptance test crite. .« for First and
3920 ! Secong. Work is useld as & "scratchpad®.
3930 coM /Tllipses/ Matrx(2,2,80),Xbar(20), M(ZO) .Major_axis(20),Minor_ax
xa(m).mu(m).mu(zo).um x(20) .Emax x(ZO).lmn_,(ZO) MJ(ZO)
39% A¢d_covariance(First,Second,Vork)
3950 Invert(¥ork, Nork+20)
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FEELS

&

Diffz=Xdar(First)-Ybar(Second)
Diffy=Ibar(First)-Yoar(Second)
Tempi=tatrz(1,1,¥ork+20)eDirrxeMutrx(1,2,Vorke20)%011y
Tesp2=tatrx(2,1,Work+20)D1rxeiatrx(2,2,Vorx+20)D11 0y
Test_val=Diffx*Teap!+Diffy*Tenp2
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